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FIG. 8
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PRINTING APPARATUS

REFERENCE TO RELATED APPLICATIONS

This application claims priority from Japanese Patent
Application No. 2021-161820 filed on Sep. 30, 2021. The
entire content of the priority application 1s incorporated
herein by reference.

BACKGROUND ART

There 1s a printer which generates first to fourth driving
pulses having different amplitudes, as driving signals for
driving a piezoelectric element of each of nozzles. The first
to fourth driving pulses are continuously generated during
one cycle for printing one pixel. One of the first to fourth
driving pulses 1s selected and applied to the piezoelectric
clement of each of the nozzles. Each of the nozzles dis-
charges or ejects an 1nk 1 an amount corresponding to the
amplitude of the selected driving pulse so as to form a dot
having a desired size.

DESCRIPTION

According to a first aspect of the present disclosure, there
1s provided a printing apparatus including:

a nozzle configured to discharge a liquid by an energy

generating element;

a selector configured to select, based on a print job, a
driving waveform corresponding to a printing method
indicated by the print job, from a plurality of driving
wavelorms different from each other;

a signal generator configured to generate a time division
multiplex signal, based on data indicating the driving
wavelorm selected by the selector; and

a separator configured to separate a driving wavelorm
signal indicating the driving wavetorm selected by the
selector from the time division multiplex signal gener-
ated by the signal generator.

The energy generating element 1s configured to be driven

by the driving waveform signal separated by the separator.

According to a second aspect of the present disclosure,
there 1s provided a printing apparatus including;:

a nozzle configured to discharge a liquid by an energy

generating element;

a signal generator configured to generate a time division
multiplex signal, transmittable via a single signal line,
based on a plurality of pieces of data each indicating
one of a plurality of dnving wavetorms different from
each other; and

a separator configured to separate a driving waveform
signal indicating the one of the plurality of driving
wavelorms from the time division multiplex signal
generated by the signal generator.

Both a first period of time and a second period of time are
included 1n a same one cycle of the time division multiplex
signal.

The second period of time 1s di
ol time.

A number of the data to be used by the signal generator
so as to generate the time division multiplex signal during
the first period of time 1s smaller than a number of the data
to be used by the signal generator so as to generate the time
division multiplex signal during the second period of time.

The energy generating element 1s configured to be driven
by the driving wavelorm signal separated by the separator.

Terent from the first period
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FIG. 1 1s a plan view schematically depicting a printing
apparatus.

FIG. 2 1s a partial enlarged cross-sectional view schemati-
cally depicting an ink-jet head.

FIG. 3 1s a block diagram of a controller.

FIG. 4 15 a block diagram of a control circuit.

FIG. 5 1s a conceptual diagram depicting an example of a
time table and an example of a voltage table.

FIG. 6 1s a graph of driving waveform data of one cycle
which 1s plotted 1n time series, a graph indicating a time
division multiplex signal, and a graph indicating a synchro-
nization signal.

FIG. 7 1s graphs indicating synchronization signals.

FIG. 8 1s a view explaining time slots.

FIG. 9 1s a schematic view of dnving waveform signals
inputted to an actuator by opening and closing of a n-th
switch.

FIG. 10 1s a graph of dniving waveform data of one cycle
which 1s plotted in time series and graphs indicating syn-
chronization signals.

FIG. 11 1s a graph of driving waveform data of one cycle
which 1s plotted 1n time series, a graph indicating a time
division multiplex signal, and a graph indicating a synchro-
nization signal 1 a case of executing a low resolution
printing.

FIG. 12 1s graphs indicating synchromization signals.

FIG. 13 1s a graph of driving waveform data of one cycle
which 1s plotted in time series, a graph indicating a time
division multiplex signal, and graphs indicating synchroni-
zation signals 1n a case of executing a high speed printing.

FIG. 14 1s a graph of dniving waveform data of one cycle
which 1s plotted 1n time series, a graph depicting a time
division multiplex signal, and a graph depicting a synchro-
nization signal i a case of executing a {irst printing.

FIG. 15A and FIG. 15B are flow charts explaining a
printing processing by a CPU.

FIG. 16 1s a tflow chart explaining an abnormality pro-
cessing by the CPU.

In the above-described printer, although the four driving
pulses are continuously generated during one cycle, only
one driving pulse 1s selected. On this account, the time,
which 1s allotted to the three driving pulses that are not
selected, 1s the waiting time of the nozzle.

The present disclosure has been made taking the forego-
ing circumstances into consideration, an object of which 1s
to provide a printing apparatus which 1s capable of reducing
the waiting time of a nozzle by adjusting the amplitude of a
driving wavetorm applied to an energy generating element
(energy application element).

In the printing apparatus according to an aspect of the
present disclosure, the time division multiplex signal 1s
generated based on the plurality of pieces of data each
indicating one of the driving wavetforms which are mutually
different. The driving waveform signal which corresponds to
any one of the mutually different driving signals 1s separated
from the generated time division multiplex signal. The
energy generating element 1s configured to be driven by the
separated driving wavelorm signal. By separating any one of
the driving wavelorm signals, 1t 1s possible to adjust the
shape of the driving waveform to be applied to the energy
generating element. Further, the one cycle for printing one
pixel includes only a cycle of any one of the driving
wavelorms, and does not mclude a cycle of another wave-
form. Accordingly, it 1s possible to reduce the waiting time

of the nozzle.

FIRST EMBODIMENT

A first embodiment of the present disclosure will be
explained below on the basis of the drawings depicting a



US 12,162,279 B2

3

printing apparatus according to the first embodiment. FIG. 1
1s a plan view schematically depicting the printing appara-
tus. In the following explanation, the front, rear, left, and
right depicted in FIG. 1 are used. The front-rear direction
corresponds to a conveying direction, and the left-right
direction corresponds to a moving direction. Further, the
surface side of FIG. 1 corresponds to the upper side and the
underside corresponds to the lower side. In the explanation,
the up-down direction 1s also used.

As depicted 1n FIG. 1, the printing apparatus 1 1s provided
with, for example, a platen 2, an ink discharge device 3, and
conveying rollers 4, 5. Recording paper 200, which 1s a
recording medium, 1s placed on the upper surface of the
platen 2. The ink discharge device 3 records an 1mage by
discharging or ejecting an ink to the recording paper 200
placed on the platen 2. The ink discharge device 3 1s
provided with, for example, a carriage 6, a subtank 7, four
ink-jet heads 8, and a circulating pump (not depicted).

Two guide rails 11, 12, which guide the carriage 6 and
which extend in the left-right direction, are provided over or
above the platen 2. An endless belt 13, which extends 1n the
left-right direction, 1s connected to the carriage 6. The
endless belt 13 1s driven by a carriage driving motor 14. The
carriage 6 1s reciprocatively moved in the moving direction
in an area opposed to or facing the platen 2 while being
guided by the guide rails 11, 12 1n accordance with the
driving of the endless belt 13. More specifically, the carriage
6 performs a first movement 1n which the carriage 6 moves
the heads 8 from a certain position to another position from
the left to the right 1n the moving direction, and a second
movement in which the carriage 6 moves the heads 8 from
the another position to the certain position from the right to
the left 1n the moving direction, 1n a state 1 which the
carriage 6 supports the four ink-jet heads 8.

A cap 20 and a flushing receiver 21 are provided between
the guide rails 11, 12. The cap 20 and the flushing receiver
21 are arranged under or below the ik discharge device 3.
The cap 20 1s arranged at right end portions of the guide rails
11, 12, and the flushing receiver 21 1s arranged at left end
portions of the guide rails 11, 12. Note that the cap 20 may
be arranged at the left end portions of the guide rails 11 and
12 and that the flushing receiver 21 may be arranged at the
right end portions of the guide rails 11 and 12.

The subtank 7 and the four ink-jet heads 8 are carried on
the carriage 6, and the subtank 7 and the four ink-jet heads
8 are reciprocatively moved (reciprocate) imn the moving
direction together with the carrtage 6. The subtank 7 1is
connected to a cartridge holder 15 via tubes 17. An ink
cartridge 16 of one color or 1nk cartridges 16 of a plurality
of colors (four colors 1n this embodiment) 1s/are installed to
the cartridge holder 15. The four colors are exemplified, for
example, by black, yellow, cyan, and magenta.

Four ink chambers (not depicted) are formed at the inside
of the subtank 7. The four color inks, which are supplied
from the four ink cartridges 16, are stored in the four ink
chambers respectively.

The four 1nk-jet heads 8 are arranged side by side 1n the
moving direction on the lower side of the subtank 7. A
plurality of nozzles 80 (see FIG. 2) are formed 1n the lower
surface ol each of the ink-jet heads 8. One ink-jet head 8
corresponds to one color ink, and 1s connected to one 1nk
chamber of the subtank 7. That 1s, the four ink-jet heads 8
correspond to the four color inks respectively, and are
connected to the four ik chambers, respectively, of the
subtank 7.

The ink-jet head 8 1s provided with an 1nk supply port (not
depicted 1n the drawings) and an ink discharge port (not
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depicted 1n the drawings). The ink supply port and the 1nk
discharge port are connected to the ink chamber of the
subtank 7, for example, via tubes. A circulating pump (not
depicted 1n the drawings) intervenes between the 1k supply
port and the ink chamber.

The 1nk, which 1s fed from the ink chamber of the subtank
7 by the circulating pump, passes through the ink supply port
to flow into the ink-jet head 8, and the ink 1s discharged
(ejected) from the nozzles 80. The ink, which has not been
discharged from the nozzles 80, passes through the ink
discharge port, and the ink returns to the ink chamber of the
subtank 7. The 1nk 1s circulated between the ink chamber of
the subtank 7 and the 1nk-jet head 8. The four ink-jet heads
8 discharge the four color 1nks supplied from the subtank 7
onto the recording paper 200, while being moved 1in the
moving direction together with the carriage 6.

As depicted 1n FIG. 1, the conveying roller 4 1s arranged
on the upstream side (rear side) in the conveying direction
with respect to the platen 2. The conveying roller 5 1s
arranged on the downstream side (front side) 1n the convey-
ing direction with respect to the platen 2. The two conveying
rollers 4, 5 are synchronously drniven by a motor (not
depicted). The two conveying rollers 4, 5 convey the record-
ing paper 200 placed on the platen 2 in the conveying
direction orthogonal to the moving direction. The printing
apparatus 1 1s provided with a controller 50. The controller
50 1s provided with, for example, a CPU or a logic circuit
(for example, FPGA), and a memory (storage) 55 such as a
nonvolatile memory and a RAM or the like. The controller
50 recerves a print job and driving waveform data from an
external device 100, and the controller 50 stores the print job
and the drniving waveform data in the memory 355. The
controller 50 controls the driving of, for example, the 1nk
discharge device 3 and the conveying roller 4 on the basis of
the print job so as to execute the printing processing.

FIG. 2 1s a partial enlarged cross-sectional view schemati-
cally illustrative of each of the four ink-jet heads 8. Each of
the 1nk-jet heads 8 1s provided with a plurality of pressure
chambers 81. The plurality of pressure chambers 81 consti-
tute a plurality of pressure chamber arrays. A vibration plate
82 1s formed on the upper side of the pressure chamber 81.
A layered piezoelectric member 83 (an example of an
“energy generating element”) 1s formed on the upper side of
the vibration plate 82. A first common electrode 84 1s formed
between the piezoelectric member 83 and the vibration plate
82 on the upper side of each of the plurality of pressure
chambers 81.

A second common electrode 86 1s provided at the 1nside
of the piezoelectric member 83. The second common elec-
trode 86 1s arranged on the upper side of each of the pressure
chambers 81 and on the upper side of the first common
clectrode 84. The second common electrode 86 1s arranged
at a position at which the second common electrode 86 does
not face (1s not opposed to) the first common electrode 84.
An 1ndividual electrode 85 1s formed on the upper surface of
the piezoelectric member 83, at a location on the upper side
of each of the plurality of pressure chambers 81. The
individual electrode 835 vertically faces the first common
clectrode 84 and the second common electrode 86 with the
piczoelectric member 83 intervening therebetween. The
vibration plate 82, the piezoelectric member 83, the first
common electrode 84, the individual electrode 85, and the
second common electrode 86 constitute an actuator 88.

A nozzle plate 87 1s provided under or below the respec-
tive pressure chambers 81. A plurality of nozzles 80, which
vertically penetrate, are formed through the nozzle plate 87.
Each of the plurality of nozzles 80 1s arranged on the lower
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side of each of the plurality of pressure chambers 81. The
plurality of nozzles 80 constitute a plurality of nozzle arrays
which extend, respectively, along the pressure chamber
arrays.

The first common electrode 84 1s connected to a COM
terminal, 1.e., the ground 1n this embodiment. The second
common electrode 86 1s connected to a VCOM terminal. The
VCOM voltage 1s higher than the COM voltage. The 1ndi-
vidual electrode 85 1s connected to a switch group 54 (see
FIG. 3). The High or Low voltage 1s applied to the individual
clectrode 85, which 1n turn deforms the piezoelectric mem-
ber 83, and vibrates the vibration plate 82. The 1nk 1n the
pressure chamber 81 1s discharged via the nozzle 80 in
accordance with the vibration of the vibration plate 82.

FIG. 3 1s a block diagram of the controller 50. The
controller 50 1s provided with a control circuit 51, a digital-
analog converter (D/A converter) 52, an amplifier 53 and a
switch group 54.

The digital-analogue converter 52 converts a digital signal
into an analog signal. The amplifier 53 amplifies the analog
signal. The switch group 54 1s provided with a plurality of
n-th switches 34(») (n=1, 2, . . . , N). Each of the plurality
of n-th switches 54(») 1s constructed, for example, by an
analog switch IC. One end of each of the plurality of nth
switches 54(») 1s connected to the amplifier 53 via a com-
mon bus. The other end of each of the plurality of n-th
switches 54(x) 1s connected to the individual electrode 85
which corresponds to one of the plurality of nozzles 80. In
other words, one piece of the n-th switch 54(») 1s provided
with respect to one piece of the actuator 88.

A first capacitor 89a 1s constructed by the individual
clectrode 85, the first common electrode 84, and the piezo-
clectric member 83. A second capacitor 895 1s constructed
by the individual electrode 85, the second common electrode
86, and the piezoelectric member 83.

FIG. 4 1s a block diagram of the control circuit 51. The
control circuit 51 1s provided with a CPU 514, four memo-
ries 35a to 55d, four counters 56a to 36d, a comparing
circuit (a comparator) 37, a frequency generating circuit 58,
a switching circuit 59 (an example of “a switcher” and/or “a
selection signal outputting circuit™), a selector circuit 60, a
multiplex signal outputting circuit 61 and four synchroni-
zation signal generating circuits 62a to 624d.

Driving wavetorm data Da to Dd are stored, respectively,
in the memories 55q to 55d. Each of the driving waveform
data Da to Dd 1s data indicating a voltage wavetorm to be
applied to the individual electrode 835, namely, a drniving
wavelorm for driving the actuator 88, and 1s quantized data.
The respective driving waveform data Da to Dd indicate
mutually different driving waveforms.

FIG. 5 1s the conceptual view depicting an example of
time tables T, to T,, and voltage tables T, to T, . The
memory 335a stores the driving wavetform data Da. The
driving wavetorm data Da includes the time table T,  and the
voltage table T, . In the time table T, , a time ta(X)
associated with an address X (X=0, 1, 2, . . . ) 1s stored. In
the present embodiment, ta(0) to ta(8) are, respectively, 2 us,
1 us,Sus, 1us,Sus, 1 us,2us, 1usand 2 us. In the voltage
table T, _, a voltage value Va(X) associated with the address
X 1s stored. In the present embodiment, Va(0) to Va(8) are,
respectively, 0, V1, V2, V1,0, V1, V2, V]l and 0. V2 15 a
voltage value greater than V1. V1 1s represented by a
numerical value, and 1s, for example, 256. V2 1s represented
by a numerical value, and 1s, for example, 512.

The memory 5356 stores the driving wavetorm data Db.
The driving wavetorm data Db includes the time table T,
and the voltage table T ,. In the time table T,,, a time th(X)
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associated with the address X 1s stored. In the present
embodiment, th(0) to tb(4) are, respectively, 4 us, 1 us, 9 us,
1 us and 5 ps. In the voltage table T ,, a voltage value Vb(X)
associated with the address X 1s stored. In the present
embodiment, Vb(0) to Vb(4) are, respectively, 0, V1, V2, V1
and 0.

The memory 55¢ stores the driving waveform data Dec.
The driving waveform data Dc includes the time table T,
and the voltage table T, . In the time table T, , a time tc(X)
associated with the address X 1s stored. In the present
embodiment, tc(0) to tc(4) are, respectively, 2 us, 1 us, 5 us,
1 us and 11 us. In the voltage table T ., a voltage value
Vc(X) associated with the address X 1s stored. In the present
embodiment, Vc(0) to Vc(4) are, respectively, 0, V1, V2, V1
and 0.

The memory 554 stores the dnving wavetform data Dd.
The driving wavetform data Dd includes the time table T,
and the voltage table T, ,. In the time table T, ,, a time td(X)
associated with the address X 1s stored. In the present
embodiment, td(0) to td(4) are, respectively, 8 us, 1 us, 5 us,
1 us and 5 ps. In the voltage table T, ,, a voltage value Vd(X)
associated with the address X 1s stored. In the present
embodiment, Vd(0) to Vd(4) are, respectively, 0, V1, V2, V1
and 0.

The CPU 51a causes the memory 53a to output, to the
counter 56a, the times of the time table T,  1n the order of the
address, and causes the memory 55a to output, to the
selector circuit 60 and the comparing circuit 37, the voltages
of the voltage table T, 1n the order of the address. For
example, the memory 534 stores the address X as a param-
cter. The CPU 51a sets the address X to be 0 (zero). The
memory 53a refers to the address 0, and outputs ta(0) of the
time table T, , namely, 2 us, to the counter S6a; the counter
56a, mto which ta(0) 1s nputted, outputs a comparison
timing signal Sa to the comparing circuit 57. The counter
56a measures the inputted time 2 us, and after the measure-
ment, the counter 56a outputs an address increment signal
Spa to the memory 53a. In a case that the address increment
signal Spa 1s mputted to the memory 354, the memory 354
increments the address X by 1 (one), refers to the address 1,
and outputs ta(l) of the time table T, , namely, 1 us, to the
counter 56a. The counter 56a, into which ta(l) 1s inputted,
outputs the comparison timing signal Sa to the comparing
circuit 57. In such a manner, every time the time ta(X) 1s
inputted from the time table T, , the counter 56a outputs the
comparison timing signal Sa to the comparing circuit 57;
every time the counter 36a completes the measurement of
the time ta(X), the counter 56a outputs the address incre-
ment signal Spa to the memory 33a.

In a case that the CPU 51qa sets the address X to be O
(zero), the memory 55a outputs the voltage value Va(0) of
the voltage table T, , namely 0 (zero), to the selector circuit
60 and the comparing circuit 57. Afterwards, in a case that
the address increment signal Spa 1s inputted to the memory
53a, the memory 55q increments the address X by 1 (one),
and outputs the voltage value Va(l), namely V1, to the
selector circuit 60 and the comparing circuit 57. In such a
manner, in a case that the address X 1s set to be 0 (zero) and
cvery time the address increment signal Spa 1s inputted to
the memory 55a, the memory 55a outputs the voltage value
of the voltage table T, to the selector circuit 60 and the
comparing circuit 57. Namely, the memory 55q outputs the
voltage value of the voltage table T  , in the order of
address, to the selector circuit 60 and the comparing circuit
57.

Similarly, the CPU 31a causes the memory 555 to 554 to

output, respectively, the times th(X) to td(X) of the time
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table T, to T, ,to the counters 5365 to 564, respectively, in the
order of address; the counters 565 to 564 output, respec-
tively, the timing signals Sb to Sd to the comparing circuit
57 every time the times tb(X) to td(X) are inputted, respec-
tively, to the counter 565 to 56d. Every time the time
corresponding to the address X lapses, the counters 565 to
56d output, respectively, the address increment signals SPb
to Spd to the memories 555 to 554, respectively.

Similarly, 1n a case that the address X 1s set to be 0 (zero)
and every time the address increment signals Spb to Spd are
inputted to the memories 336 to 55d, respectively, the
memories 35b to 554 output, respectively, the voltage values
Vb(X) to Vd(X) of the voltage table T, to T, to the selector
circuit 60 and the comparing circuit 57. Namely, the memo-
ries 55b to 554 output, respectively, the voltage values
Vb(X) to Vd(X) to the selector circuit 60 and the comparing
circuit 57, 1in the order of address.

FIG. 6 includes a graph of the driving waveform data Da
to Dd of one cycle plotted 1n time series, a graph indicating,
a time division multiplex signal, and a graph indicating a
synchronization signal A. FIG. 7 includes graphs indicating
synchronization signals B to D, respectively. FIG. 8 1s a
view explaining time slots.

An upper view of FIG. 6 1s a graph of the driving
wavelorm data Da to Dd plotted in time series, wherein the
horizontal axis of the graph 1s time (us), and the vertical axis
of the graph 1s voltage value. A circle represents the voltage
value Va(X) of the voltage table T, _, a triangle represents the
voltage value Vb(X) of the voltage table T, ,, a square
represents the voltage value Vc(X) of the voltage table T,
and a cross (X) represents the voltage value VdA(X) of the
voltage table T, each being corresponded to the time of the
time table and plotted every 1 us. In the following, “us™ 1s
appropriately omitted regarding the plotted time (plotted
point of time). The plot 1s 20 pieces of plots ranging from a
point of time O (zero) to point of time 19. The voltage value
of pointof time k (k=0, 1, 2, .. . 19) indicates a voltage value
in a range of point of time k to point of time k+1 us. In FIG.
6, the period of time 1n the range of point of time 0 to point
of time 20, namely, 20 us 1s one cycle of the time division
multiplex signal.

A middle view of FIG. 6 indicates a time division mul-
tiplex signal generated based on the driving waveform data
Da to Dd, a lower view of FIG. 6, and FIG. 7 indicate the
synchronization signals A to D generated, respectively, 1n
the synchronization signal generating circuits 62a to 62d.
The synchronization signals A to D are each a pulse signal
having a high level (H) interval (time period) and a low level
(L) imterval (time period). Here, the details of the time
division multiplex signal will be conceptually explained.
The driving wavelorm data Da has, conceptually, quantized
data Ak (k=0, 1, 2, . . . K), the driving wavetorm data Db has,
conceptually, quantized data Bk (k=0, 1, 2, . . . K), the
driving waveform data Dc has, conceptually, quantized data
Ck (k=0, 1, 2, ... K), and the driving wavetorm data Dd has,
conceptually, quantized data Dk (k=0, 1, 2, . . . K). In a case
that the actuator 88 1s to be driven, the control circuit 51
accesses the memory 55, obtains the driving waveform data
Da, Db, Dc and Dd, and generates time series data. In the
time series data, conceptually, data Ak, Bk, Ck, Dk are
successively arranged while providing time intervals At; the
data Ak, Bk, Ck and Dk are arranged 1n an order of A0, BO,
C0,D0,Al1,B1,C1,D1 ..., AK, BK, CK and DK. The time
series data 1s a digital signal. Note that the time interval At

1s the reciprocal of a predetermined sampling frequency. The
quantized data Ak, Bk, Ck, Dk are arranged 1n the order of
A0, BO, CO, DO, A1, B1, C1, D1, ..., AK, BK, CK and DK

10

15

20

25

30

35

40

45

50

55

60

65

8

for every time (at a time interval) corresponding to the
reciprocal of the predetermined sampling frequency. In other
words, the data length of the quantized data Ak, Bk, Ck, Dk
1s not more than a length corresponding to the reciprocal of
the predetermined sampling frequency.

Further, the quantized data AO 1s continuous with the
quantized data B0, the quantized data B0 i1s continuous with
the quantized data CO, and the quantized data CO 1s con-
tinuous with the quantized data DO. In other words, the
quantized data CO, the quantized data DO, any other quan-
tized data, and any data of any other waveform are absent
between the quantized data AO and the quantized data BO.
Further, the quantized data A0, the quantized data DO, any
other quantized data, and any data of any other wavetform
are absent between the quantized data BO and the quantized
data CO. Further, the quantized data AO, the quantized data
BO, any other quantized data, and any data of any other
wavelorm are absent between the quantized data CO and the
quantized data DO.

The control circuit 51 outputs the time series data to the
digital-analogue converter 52. As depicted in FIG. 3, the
digital-analogue converter 52 converts the time series data
into the analog signal, and outputs the converted analog
signal to the amplifier 53. The amplifier 33 amplifies the
inputted analog signal, and outputs the amplified analog
signal to the switch group 54. As depicted mn FIG. 3, the
analog signal, which 1s amplified by the amplifier 53,
constructs the time division multiplex signal. In the time
division multiplex signal, 1t 1s assumed that a portion cor-
responding to data Ak-1 1s a first portion, a portion corre-
sponding to the data Ak 1s a second portion, a portion
corresponding to data Bk-1 1s a third portion and a portion
corresponding to the data Bk 1s a fourth portion. On this
assumption, the third portion i1s present (aligned) between
the first portion and the second portion, and the second
portion 1s present (aligned) between the third portion and the
fourth portion. Note that a similar relationship holds also
between the data Bk and the data Ck, a similar relationship
holds also between the data Ck and the data Dk, and a
similar relationship holds also between the data Dk and the
data Ak. In other words, the first portion 1s continuous with
the third portion, the third portion 1s continuous with the
second portion, and the second portion 1s continuous with
the fourth portion. That 1s, the second portion, the fourth
portion, and any other waveform are absent between the first
portion and the third portion in the time division multiplex
signal. Further, the first portion, the fourth portion, and any
other wavelorm are absent between the third portion and the
second portion 1n the time division multiplex signal. Further,
the first portion, the third portion, and any other wavetorm
are absent between the second portion and the fourth portion
in the time division multiplex signal. The control circuit 51,
the digital-analogue converter 52, the amplifier 53, and the
memory 55 construct a “signal generator”.

FIG. 8 indicates, as time slots, TS1 to TS10 each having
a pulse shape. Each of TS1 to TS10 has a high level interval
and a low level interval, wherein the high level interval
corresponds to a time during which the n-th switch 34(z) 1s
closed, and the low level interval corresponds to a time
during which the n-th switch 54(#) 1s opened. In FIG. 8, one
time slot 1s indicated while being quadrnisected (equally
divided) into four segments by a point of time t1, a point of
time t2 and a point of time t3, with a start point of time of
one time slot being defined as “t0”, and an end point of time
of one time slot being defined as “t4”. Further, in FIG. 8, one
time slot 1s mndicated while being trisected (equally divided)
into three segments by a point of time t5 and a point of time
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t6, with a start point of time of one time slot being defined
as “t0”, and an end point of time of one time slot being

defined as “t4”.

As indicated 1n FIG. 8, TS1 1s a high level interval
between the point of time t0 to point of time t4, and does not
have any low level interval. TS2 1s a high level interval
between point of time t0 and point of time 12, and 1s a low
level interval between point of time t2 and point of time t4.
TS3 15 a high level interval between point of time t2 and
point of time t4, and 1s a low level interval between point of
time t0 and point of time t2. TS4 1s a high level interval
between point of time t0 and point of time t5, and 1s a low
level 1nterval between point of time t5 and point of time t4.
TS5 15 a high level interval between point of time t5 and t6,
and 1s a low level interval each between point of time tO and
point of time t5 and between point of time t6 and point of
time t4. TS6 1s a high level interval between point of time t6
and point of time t4, and 1s a low level interval between point
of time t0 and point of time t6. TS7 1s a high level interval
between point of time t0 and point of time tl, and 1s a low
level 1nterval between point of time tl1 and point of time t4.
TS8 15 a high level interval between point of time t1 and
point of time t2, and 1s a low level interval each between
point of time t0 and point of time t1 and between point of
time t2 to pomnt of time t4. TS9 1s a high level interval
between point of time t2 and point of time t3, and 1s a low
level iterval each between point of time t0 and point of time
t2 and between point of time t3 to point of time t4. TS10 1s
a high level interval between point of time t3 and point of
time t4, and 1s a low level interval between point of time tO
and point of time 13.

TS1 to TS10 are classified into mutually different four
sampling frequencies wherein TS1 corresponds to a first
sampling frequency, TS2 and TS3 correspond to a second
sampling frequency, 1S4 to TS6 correspond to a third
sampling frequency, and TS7 to TS10 correspond to a fourth
sampling frequency. For example, in a case that the fourth
sampling frequency corresponds to 24 MHz, the third sam-
pling frequency corresponds to 18 MHz, the second sam-
pling frequency corresponds to 12 MHz and the first sam-
pling frequency corresponds to 6 MHz.

In a case that any one of the comparison timing signals Sa
to Sd 1s inputted to the comparing circuit 57, the comparing
circuit 57 compares the voltage values inputted, respec-
tively, from the voltage tables T, to T .. The points of time
at which any one of the comparison timing signals Sa to Sd
1s inputted to the comparing circuit 57 are the points of time
0 (zero), 2,3, 4, 5,8,9,14, 15, 17 and 18 1n the upper view
of FIG. 6. The comparing circuit 57 allocates a common one
time slot with respect to same voltage values, and allocates
mutually different time slots to mutually different voltage
values. Note that in a case that any one of the comparison
timing signals Sa to Sd 1s not mputted to the comparing
circuit 57, namely, at each of a certain point of time among
the points of time 1, 6, 7, 10 to 13, 16 and 19 1n the upper
view of FIG. 6, the comparing circuit 57 allocates a time
slot, which 1s same as that allocated to a preceding point of
time preceding the certain point of time by one, to each of
the same voltage values.

In a case that there are four same voltage values, TS1 1s
allocated to each of the four same voltage values. In a case
that there are three same voltage values, TS2 1s allocated to
cach of the three same voltage values, and 173 1s allocated to
a remaining one voltage value; or TS3 1s allocated to each
of the three same voltage values, and 12 i1s allocated to a
remaining one voltage value.
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In a case that there are two same voltage values and that
remaining two voltage values are mutually different, TS4 1s
allocated to each of the two same voltage values, and TS5 and
TS6 are allocated to remaining two voltage values, respec-
tively; or TS5 1s allocated to each of the two same voltage
values, and T4 and TS6 are allocated to remaining two
voltage values, respectively; or TS6 1s allocated to each of
the two same voltage values, and T4 and TS3 are allocated
to remaining two voltage values, respectively.

In a case that two voltage values are a first voltage value,
that remaining two voltage values are a second voltage value
and that the first voltage value and the second voltage value
are different from each other, TS2 i1s allocated to the first
voltage value, and TS3 1s allocated to the second voltage
value.

In a case that four voltage values are mutually difierent,
TS7 to TS10 are allocated, respectively, to the four different
voltage values.

The comparing circuit 57 associates the time slots with
the respective voltage values Va(X) to Vd(X), and outputs
the time slots and the respective voltage values Va(X) to
Vd(X) which are associated with each other to the switching
circuit 59 and the respective synchronization signal gener-
ating circuits 62a to 62d. The frequency generating circuit
58 generates a reference frequency (24 MHz 1n the present
embodiment), and outputs the reference frequency to the
switching circuit 59 and the respective synchromization
signal generating circuits 62a to 62d.

For example, as depicted 1n the upper view of FIG. 6, at
the point of time O, the voltage values Va(X) to Vd(X) are
cach O (zero). In this situation, the comparing circuit 57
associates TS1 with the voltage values Va(X) to Vd(X), and
outputs TS1 and the voltage values Va(X) to Vd(X) which
are associated with each other to the switching circuit 539 and
the respective synchronization signal generating circuits 62a
to 62d. The switching circuit 59 selects one voltage value
from the four voltage values Va(X) to Vd(X), for example,
the voltage value Va(X). The selection 1s performed, for
example, based on a priority order which 1s previously set.
In a case that same voltage values are included at a certain
point of time, for example, a priority order of Va(X)>Vb
(X)>Vc(X) and VdA(X) 1s previously set, and a voltage value
of which priornity 1s highest 1s set among the same voltage
values. Note that the order of priority may be appropnately
set, the priority of Vb(X), Vc(X) or VA(X) may be made the
highest, or the order of priority may be set 1n accordance
with a magnitude of usage frequency. In the following, the
selection 1s made 1n a similar method 1n a case of selecting
any one voltage value among the same voltage values.

In a case that the switching circuit 39 selects one voltage
value, the switching circuit 59 generates a frequency of 6
MHz based on the reference frequency and TS1. The switch-
ing circuit 59 associates TS1, the frequency of 6 MHz and
the voltage value Va(X) w1th cach other, and outputs TSI,
the frequency of 6 MHz and the voltage value Va(X) WhJCh
are associated with each other to the selector circuit 60. As
depicted 1n the middle view of FIG. 6, the selector circuit 60
refers to the voltage value Va(X) inputted from the switching
circuit 39, selects the voltage value Va(X) from the four
voltage values Va(X) to Vd(X) inputted from the voltage
tables T, to T ., respectively, and generates a signal of
which voltage value 1s 0 (zero) during a period of time (time)
from the point of time 0 (zero) to the point of time 1 us. In
other words, the control circuit 51 generates a time division
multiplex signal including a driving wavetorm signal which
collates (combines or collects) the four voltage values of the
voltage values Va(X) to Vd(X) to one.
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For example, as depicted in the upper view of FIG. 6, the
voltage values Va(X) and Vc(X) are both V1 and the voltage
values Vb(X) and Vd(X) are both O (zero) at the point of
time 2. In this situation, the comparing circuit 57 associates
TS2 and the voltage values Va(X) and Vc¢(X), and outputs
TS2 and the voltage values Va(X) and Vc(X) which are
associated with each other to the switching circuit 39 and the
synchronization signal generating circuits 62a to 62d; and
the comparing circuit 57 associates TS3 and the voltage
values Vb(X) and Vd(X), and outputs TS3 and the voltage
values Vb(X) and Vd(X) which are associated with each
other to the switching circuit 59 and the synchronization
signal generating circuits 62a to 624. The switching circuit
59 selects one voltage value from the two voltage values
Va(X) and Vc(X), for example, the voltage value Va(X), and
selects one voltage value from the two voltage values Vb(X)
and Vd(X), for example, the voltage value Vb(X). The
switching circuit 39 generates, with respect to the voltage
value Va(X), a frequency of 12 MHz, based on the reference
frequency and TS2. The switching circuit 59 generates, with
respect to the voltage value Vb(X), a frequency of 12 MHz,
based on the reference frequency and TS3. The switching,
circuit 39 associates 1S2, the frequency of 12 MHz and the
voltage value Va(X) with each other, and outputs 1TS2, the
frequency of 12 MHz and the voltage value Va(X) which are
associated with each other to the selector circuit 60; and the
switching circuit 59 associates TS3, the frequency of 12
MHz and the voltage value Vb(X) with each other, and
outputs TS3, the frequency of 12 MHz and the voltage value
Vb(X) WhJCh are associated with each other to the selector
circuit 60.

As depicted 1n the middle view of FIG. 6, the selector
circuit 60 refers to the voltage value Va(X) inputted thereinto
from the switching circuit 59, selects the voltage value
Va(X) from the four voltage values Va(X) to Vd(X) mputted
from the voltage tables T, to T, , respectively, and gener-
ates a signal of which voltage value 1s V1 during a period of
time from the point of time 2 us to the point of time 2.5 ps.
The selector circuit 60 refers to the voltage value Vb(X)
inputted theremto from the switching circuit 59, selects the
voltage value Vb(X) from the four voltage values Va(X) to
Vd(X) mnputted from the voltage tables T, to T , respec-
tively, and generates a signal of which voltage value 1s O
(zero) during a period of time from the point of time 2.5 us
to the point of time 3 ps. In other words, the control circuit
51 generates a time division multiplex signal including a
driving wavelorm signal which collates the two voltage
values of the voltage values Va(X) and Vc(X) to one, and a
driving wavelorm signal which collates the two voltage
values of the voltage values Vb(X) and Vd(X) to one.

For example, as depicted in the upper view of FIG. 6, the
voltage values Va(X) and Vc(X) are both V2, the voltage
value Vb(X) 1s V1, and the voltage value Vd(X) 1s 0 (zero)
at the point of time 4. In this situation, the comparing circuit
57 associates TS4 and the voltage values Va(X) and Vc(X),
and outputs TS4 and the voltage values Va(X) and Vc(X)
which are associated with each other to the switching circuit
59 and the respective synchronization signal generating
circuits 62a to 62d; and the comparing circuit 57 associates
TS5 and the voltage value Vb(X), and outputs TS5 and the
voltage value Vb(X) which are associated with each other to
the switching circuit 59 and the respective synchromzation
signal generating circuits 62a to 62d. The comparing circuit
57 associates TS6 and the voltage value VdA(X), and outputs
TS6 and the voltage value VdA(X) which are associated with
cach other to the switching circuit 59 and the respective
synchronization signal generating circuits 62a to 62d. The
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switching circuit 59 selects one voltage value from the two
voltage values Va(X) and Vc¢(X), for example, the voltage
value Va(X). The switching circuit 59 selects the voltage
values Vb(X) and Vd(X). The switching circuit 59 gener-
ates, with respect to the voltage value Va(X), a frequency of
18 MHz, based on the reference frequency and 1TS4. The
switching circuit 39 generates, with respect to the voltage
value Vb(X), a frequency of 18 MHz, based on the reference
frequency and TS5. The switching circuit 59 generates, with
respect to the voltage value VdA(X), a frequency of 18 MHz,
based on the reference frequency and TS6. The switching
circuit 39 associates 1S4, the frequency of 18 MHz and the
voltage value Va(X) with each other, and outputs 1S4, the
frequency of 18 MHz and the voltage value Va(X) which are
associated with each other to the selector circuit 60; the
switching circuit 59 associates TS5, the frequency of 18
MHz and the voltage value Vb(X) with each other, and
outputs TS5, the frequency of 18 MHz and the voltage value
Vb(X) whlch are associated with each other to the selector
circuit 60; and the switching circuit 59 associates 1TS6, the
frequency of 18 MHz and the voltage value Vd(X) with each
other, and outputs TS6, the frequency of 18 MHz and the
voltage value VdA(X) which are associated with each other to
the selector circuit 60.

As depicted 1n the middle view of FIG. 6, the selector
circuit 60 refers to the voltage value Va(X) mputted thereinto
from the switching circuit 59, selects the voltage value
Va(X) from the four voltage values Va(X) to Vd(X) inputted
from the voltage tables T, to T, , respectively, and gener-
ates a signal of which voltage value 1s V2 during a period of
time from the point of time 4 us to the point of time 4+(13)
us. The selector circuit 60 refers to the voltage value Vb(X)
inputted thereinto from the switching circuit 59, selects the
voltage value Vb(X) from the four voltage values Va(X) to
Vd(X) mputted from the voltage tables T, to T ., respec-
twely, and generates a signal of which voltage value 1s V1
during a period of time from the point of time 4+(143) us to
the point of time 4+(343) us. The selector circuit 60 refers to
the voltage value Vd(X) mputted thereinto from the switch-
ing circuit 39, selects the voltage value Vd(X) from the four
voltage values Va(X) to Vd(X) inputted from the voltage
tables T, to T,  , respectively, and generates a signal of
which voltage value 1s 0 (zero) during a period of time from
the point of time 4+(34) us to the point of time 5 us. In other
words, the control circuit 51 generates a time division
multiplex signal including a driving wavetorm signal which
collates the two voltage values of the voltage values Va(X)
and Vc(X) to one, a driving wavelorm signal indicating the
voltage value Vb(X), and a driving waveform signal indi-
cating the voltage value Vd(X).

For example, as depicted 1n the upper view of FIG. 6, the
voltage values Va(X), Vb(X) and Vd(X) are each V1 and the
voltage value Vc(X) 1s O (zero) at the point of time 14. In this
situation, the comparing circuit 57 associates 1TS2 and the
voltage values Va(X), Vb(X) and Vd(X), and outputs TS2
and the voltage values Va(X), Vb(X) and Vd(X) which are
associated with each other to the switching circuit 59 and the
respective synchronization signal generating circuits 62a to
624; and the comparing circuit 57 associates TS3 and the
voltage value Vc(X), and outputs TS3 and the voltage value
Vc(X) which are associated with each other to the switching
circuit 59 and the respective synchronization signal gener-
ating circuits 62a to 62d. The switching circuit 59 selects
one voltage value from the three voltage values Va(X)
Vb(X) and Vd(X), for example, the voltage value Va(X).
The switching circuit 59 selects the voltage value Ve(X).
The switching circuit 39 generates, with respect to the
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voltage value Va(X), a frequency of 12 MHz, based on the
reference frequency and TS2. The switching circuit 59
generates, with respect to the voltage value Vc(X), a fre-
quency of 12 MHz, based on the reference frequency and
TS3. The switching circuit 59 associates 1S2, the frequency
of 12 MHz and the voltage value Va(X) with each other, and
outputs TS2, the frequency of 12 MHz and the voltage value
Va(X) which are associated with each other to the selector
circuit 60. The switching circuit 59 associates 1S3, the
frequency of 12 MHz and the voltage value V¢(X) with each
other, and outputs TS3, the frequency of 12 MHz and the
voltage value Vc(X) which are associated with each other to
the selector circuit 60.

As depicted 1n the middle view of FIG. 6, the selector
circuit 60 refers to the voltage value Va(X) inputted thereinto
from the switching circuit 59, selects the voltage value
Va(X) from the four voltage values Va(X) to Vd(X) mputted
from the voltage tables T, to T, , respectively, and gener-
ates a signal of which voltage value 1s V1 during a period of
time from the point of time 14 us to the point of time 14.5
us. The selector circuit 60 refers to the voltage value Vc(X)
inputted thereinto from the switching circuit 59, selects the
voltage value Vc(X) from the four voltage values Va(X) to
Vd(X) mputted from the voltage tables T, to T, respec-
tively, and generates a signal of which voltage value 1s O
(zero) during a period of time from the point of time 14.5 us
to the point of time 15 us. In other words, the control circuit
51 generates a time division multiplex signal including a
driving waveform signal which collates the three voltage
values of the voltage values Va(X), Vb(X) and Vd(X) to one,
and a driving waveform signal which indicates the voltage
value Vc(X).

As described above, the voltage value used for generating
the time division multiplex signal during the period of time
from the point of time O to the point of time 1 us included
in one cycle of the time division multiplex signal 1s only the
voltage value Va(X). In other words, the number (quantity)
of the dnving wavetorm data to be used 1s 1 (one). The
voltage value used for generating the time division multiplex
signal during the period of time from the point of time 2 us
to the point of time 3 us included n the one cycle 1s the
voltage values Va(X) and Vb(X). In other words, the number
(quantity) of the driving waveform data to be used 1s 2 (two).
The voltage value used for generating the time division
multiplex signal during the period of time from the point of
time 4 us to the point of time 5 us included 1n the one cycle
1s the voltage values Va(X), Vb(X) and Vd(X). In other
words, the number (quantity) of the driving wavetform data
to be used 1s 3 (three).

The selector circuit 60 outputs the respective signals
generated to the multiplex signal outputting circuit 61; and
the multiplex signal outputting circuit 61 outputs the time
division multiplex signal to the digital-analog convertor 52
(see the middle view of FIG. 6). As depicted 1in FIG. 3, the
time division multiplex signal 1s amplified by the amplifier
53, and mputted into each of the plurality of n-th switches
54(n).

As described above, the frequency generating circuit 58
outputs the reference frequency to the respective synchro-
nization signal generating circuits 62a to 62d; and the
comparing circuit 57 associates the time slots and the
respective voltage values Va(X) to Vd(X), and outputs the
time slots and the respective voltage values Va(X) to Vd(X)
which are associated with each other to the respective
synchronization signal generating circuits 62a to 62d.

As depicted 1n the lower view of FIG. 6, the synchroni-
zation signal generating circuit 62a refers to the time slot
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associated with the voltage value Va(X), and generates the
synchronization signal A. The time slot associated with the
voltage value Va(X) 1s TS1 during a period of time from the
point of time O (zero) to the point of time 2, and the
synchronization signal A 1s 1n a state of the high level during
the period of time from the point of time O (zero) to the point
of time 2. The time slot associated with the voltage value
Va(X) 1s TS2 during a period of time from the point of time
2 to the point of time 3; the synchronization signal A i1s 1n a
state of the high level during a period of time from the point
of time 2 to the point of time 2.5, and 1s 1n a state of the low
level during a period of time from the point of time 2.5 to
the point of time 3. The time slot associated with the voltage
value Va(X) 1s TS2 during a period of time from the point
of time 3 to the point of time 4; the synchronization signal
A 1s 1n a state of the high level during a period of time from
the point of time 3 to the point of time 3.5, and 1s 1n a state
of the low level during a period of time from the point of
time 3.5 to the point of time 4. The time slot associated with
the voltage value Va(X) 1s TS4 during a period of time from
the point of time 4 to the point of time 3; the synchromization
signal A 1s 1n a state of the high level during a period of time
from the point of time 4 to the point of time 4+(14), and 1s
in a state of the low level during a period of time from the
point of time 4+(14) to the point of time 5.

The time slot associated with the voltage value Va(X) 1s
TS2 during a period of time from the point of time 35 to the
point of time 8; the synchronization signal A 1s 1n a state of
the high level during a period of time from the point of time
5 to the point of time 5.5, and 1s 1n a state of the low level
during a period of time from the point of time 3.5 to the point
of time 6. The synchronization signal A is 1n a state of the
high level during a period of time from the point of time 6
to the point of time 6.5, and 1s 1n a state of the low level
during a period of time from the point of time 6.5 to the point
of time 7. The synchronization signal A is 1n a state of the
high level during a period of time from the point of time 7
to the point of time 7.5, and 1s 1n a state of the low level
during a period of time from the point of time 7.5 to the point
of time 8. The time slot associated with the voltage value
Va(X) 1s TS3 during a period of time from the point of time
8 to the point of time 9; the synchronization signal A1s in a
state of the low level during a period of time from the point
of time 8 to the point of time 8.3, and 1s 1n a state of the high
level during a period of time from the point of time 8.5 to
the point of time 9. The time slot associated with the voltage
value Va(X) 1s TS3 during a period of time from the point
of time 9 to the point of time 14; the synchronization signal
A 1s 1n a state of the low level during a period of time from
the point of time 9 to the point of time 9.5, and 1s 1n a state
of the high level during a period of time from the point of
time 9.5 to the point of time 10. The synchronization signal
A 1s 1 a state of the low level during a period of time from
the point of time 10 to the point of time 10.5, and 1s 11 a state
of the high level during a period of time from the point of
time 10.5 to the point of time 11. The synchronmization signal
A 1s 1 a state of the low level during a period of time from
the point of time 11 to the point of time 11.5, and 1s 1n a state
of the high level during a period of time from the point of
time 11.5 to the point of time 12. The synchronization signal
A 1s 1n a state of the low level during a period of time from
the point of time 12 to the point of time 12.5, and 1s 1n a state
of the high level during a period of time from the point of
time 12.5 to the point of time 13. The synchronization signal
A 1s 1n a state of the low level during a period of time from
the point of time 13 to the point of time 13.5, and 1s 1n a state
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of the high level during a period of time from the point of
time 13.5 to the point of time 14.

The time slot associated with the voltage value Va(X) 1s
TS2 during a period of time from the point of time 14 to the
point of time 18; the synchronization signal A 1s 1n a state of
the high level during a period of time from the point of time
14 to the point of time 14.5 and 1s 1n a state of the low level
during a period of time from the point of time 14.5 to the
point of time 15. The synchronization signal A 1s 1n a state
of the high level during a period of time from the point of
time 15 to the point of time 15.5 and 1s 1n a state of the low
level during a period of time from the point of time 15.5 to
the point of time 16. The synchronization signal A 1s 1n a
state of the high level during a period of time from the point
of time 16 to the point of time 16.5, and 1s 1n a state of the
low level during a period of time from the point of time 16.5
to the point of time 17. The synchromization signal A 1s in a
state of the high level during a period of time from the point
of time 17 to the point of time 17.5, and 1s 1n a state of the
low level during a period of time from the point of time 17.5
to the point of time 18. The time slot associated with the
voltage value Va(X) 1s TS1 during a period of time from the
point of time 18 to the point of time 20; the synchromization
signal A 1s 1n a state of the high level during the period of
time from the point of time 18 to the point of time 20.
Namely, the driving waveform signal 1s separated from the
time division multiplex signal based on the first sampling
frequency, the second sampling frequency or the third sam-
pling frequency corresponding to the respective periods of
time. Each of during the period of time from the point of
time O to the point of time 2.5, during the period of time from
the point of time 13.5 to the point of time 14.5, and during
the period of time from the point of time 18 to the point of
time 20, the synchronization signal A 1s continuously 1n the
state of the high level.

As depicted 1n the upper view of FIG. 7, the synchroni-
zation signal generating circuit 625 refers to the time slot
associated with the voltage value Vb(X), and generates the
synchronization signal B. The time slot associated with the
voltage value Vb(X) 1s TS1 during a period of time from the
point of time O (zero) to the point of time 2, and the
synchronization signal B 1s 1n a state of the high level during
the period of time from the point of time 0 (zero) to the point
of time 2. The time slot associated with the voltage value
Vb(X) 1s TS3 during a period of time from the point of time
2 to the point of time 4; the synchronization signal B 1s 1n
a state of the low level during a period of time from the point
of time 2 to the point of time 2.3, and 1s 1n a state of the high
level during a period of time from the point of time 2.5 to
the point of time 3. The synchronization signal B 1s 1n a state
of the low level during a period of time from the point of
time 3 to the point of time 3.5, and 1s 1n a state of the high
level during a period of time from the point of time 3.5 to
the point of time 4. The time slot associated with the voltage
value Vb(X) 1s TS5 during a period of time from the point
of time 4 to the point of time 5; the synchronization signal
B 1s 1n a state of the low level each of during a period of time
from the point of time 4 to the point of time 4+(%3) and
during a period of time from the point of time 4+(24) to the
point of time 5; and the synchronization signal B 1s 1n a state
of the high level during a period of time from the point of
time 4+(%3) to the point of time 4+(34).

The time slot associated with the voltage value Vb(X) 1s
TS2 during a period of time from the point of time 5 to the
point of time 13; the synchronization signal B 1s 1n a state of
the high level during a period of time from the point of time
5 to the point of time 5.5, and 1s 1n a state of the low level
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during a period of time from the point of time 5.5 to the point
of time 6. The synchronization signal B 1s 1n a state of the
high level during a period of time from the point of time 6
to the point of time 6.5, and 1s 1n a state of the low level
during a period of time from the point of time 6.5 to the point
of time 7. The synchronization signal B 1s 1n a state of the
high level during a period of time from the point of time 7
to the point of time 7.5, and 1s 1n a state of the low level
during a period of time from the point of time 7.5 to the point
of time 8. The synchronization signal B 1s 1n a state of the
high level during a period of time from the point of time 8
to the point of time 8.5, and 1s 1n a state of the low level
during a period of time from the point of time 8.5 to the point
of time 9. The synchronization signal B 1s 1n a state of the
high level during a period of time from the point of time 9
to the point of time 9.5, and 1s 1n a state of the low level
during a period of time from the point of time 9.5 to the point
of time 10. The synchronization signal B 1s 1n a state of the
high level during a period of time from the point of time 10
to the point of time 10.5, and 1s 1n a state of the low level
during a period of time from the point of time 10.5 to the
point of time 11. The synchronization signal B 1s 1n a state
of the high level during a period of time from the point of
time 11 to the point of time 11.35, and 1s 1n a state of the low
level during a period of time from the point of time 11.5 to
the pomnt of time 12. The synchronization signal B 1s 1 a
state of the high level during a period of time from the point
of time 12 to the point of time 12.5, and 1s 1n a state of the
low level during a period of time from the point of time 12.5
to the point of time 13. The synchronization signal B 1s in a
state of the high level during a period of time from the point
of time 13 to the point of time 13.5, and 1s 1n a state of the
low level during a period of time from the point of time 13.5
to the point of time 14. The synchronization signal B 1s in a
state of the high level during a period of time from the point
of time 14 to the point of time 14.5, and 1s 1n a state of the
low level during a period of time from the point of time 14.5
to the point of time 15.

The time slot associated with the voltage value Vb(X) 1s
1S3 during a period of time from the point of time 135 to the
point of time 18; the synchronization signal B 1s 1n a state of
the low level during a period of time from the point of time
15 to the point of time 15.5, and 1s 1n a state of the high level
during a period of time from the point of time 15.5 to the
point of time 16. The synchronization signal B 1s 1n a state
of the low level during a period of time from the point of
time 16 to the point of time 16.5, and 1s 1n a state of the high
level during a period of time from the point of time 16.5 to
the point of time 17. The synchronization signal B 1s i a
state of the low level during a period of time from the point
of time 17 to the point of time 17.5, and 1s 1n a state of the
high level during a period of time from the point of time 17.5
to the point of time 18. The time slot associated with the
voltage value Vb(X) 1s TS1 during a period of time from the
point of time 18 to the point of time 20; and the synchro-
nization signal B 1s in a state of the high level during the
period of time from the point of time 18 to the point of time
20. Namely, the driving waveform signal 1s separated from
the time division multiplex signal based on the first sampling
frequency, the second sampling frequency, the third sam-
pling frequency or the fourth sampling frequency corre-
sponding to the respective periods of time. Each of during
the period of time from the point of time O to the point of
time 2 and during the period of time from the point of time
17.5 to the point of time 20, the synchromization signal B 1s
continuously 1n the state of the high level.
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As depicted 1n the middle view of FIG. 7, the synchro-
nization signal generating circuit 62c¢ refers to the time slot
associated with the voltage value Vc(X), and generates the
synchronization signal C. The time slot associated with the
voltage value Vc(X) 1s TS1 during a period of time from the 5
point of time O (zero) to the pomnt of time 2, and the
synchronization signal C 1s 1n a state of the high level during
the period of time from the point of time O (zero) to the point
of time 2. The time slot associated with the voltage value
Vc(X) 1s TS2 during a period of time from the point of time
2 to the point of time 4; the synchronization signal C 1s 1n
a state of the high level during a period of time from the
point of time 2 to the point of time 2.5, and 1s 1n a state of
the low level during a period of time from the point of time
2.5 to the point of time 3. The synchronization signal C 1s 1n
a state of the high level during a period of time from the
point of time 3 to the point of time 3.5, and 1s 1n a state of
the low level during a period of time from the point of time
3.5 to the point of time 4. The time slot associated with the
voltage value Vc(X) 1s TS4 during a period of time from the
point of time 4 to the point of time 3; the synchromzation
signal C 1s 1n a state of the high level during a period of time
from the point of time 4 to the point of time 4+(14), and 1s
in a state of the low level during a period of time from the
point of time 4+(143) to the point of time 3.

The time slot associated with the voltage value Vc(X) 1s
TS2 during a period of time from the point of time 5 to the
point of time 8; the synchronization signal C 1s 1n a state of
the high level during a period of time from the point of time
5 to the point of time 5.5, and 1s 1n a state of the low level
during a period of time from the point of time 3.5 to the point
of time 6. The synchronization signal C 1s 1n a state of the
high level during a period of time from the point of time 6
to the point of time 6.5, and 1s 1n a state of the low level
during a period of time from the point of time 6.5 to the point
of time 7. The synchronization signal C 1s 1n a state of the
high level during a period of time from the point of time 7
to the point of time 7.5, and 1s 1n a state of the low level
during a period of time from the point of time 7.5 to the point
of time 8.

The time slot associated with the voltage value Vc(X) 1s
1S3 during a period of time from the point of time 8 to the
point of time 18; the synchronization signal C 1s 1n a state of
the low level during a period of time from the point of time
8 to the point of time 8.5, and 1s 1n a state of the high level
during a period of time from the point of time 8.5 to the point
of time 9. The synchronization signal C 1s 1n a state of the
low level during a period of time from the point of time 9 to
the point of time 9.5, and 1s 1n a state of the high level during
a period of time from the point of time 9.5 to the point of 50
time 10. The synchronization signal C 1s 1n a state of the low
level during a period of time from the point of time 10 to the
point of time 10.5, and 1s 1n a state of the high level during
a period of time from the point of time 10.5 to the point of
time 11. The synchromization signal C 1s 1n a state of the low 55
level during a period of time from the point of time 11 to the
point of time 11.5, and 1s 1n a state of the high level during
a period of time from the point of time 11.5 to the point of
time 12. The synchronization signal C 1s 1n a state of the low
level during a period of time from the point of time 12 to the 60
point of time 12.5, and 1s 1n a state of the high level during
a period of time from the point of time 12.5 to the point of
time 13. The synchronization signal C 1s 1n a state of the low
level during a period of time from the point of time 13 to the
point of time 13.5, and 1s 1n a state of the high level during 65
a period of time from the point of time 13.5 to the point of
time 14. The synchronization signal C 1s 1n a state of the low
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level during a period of time from the point of time 14 to the
point of time 14.5, and 1s 1n a state of the high level during
a period of time from the point of time 14.5 to the point of
time 135. The synchronization signal C 1s 1n a state of the low
level during a period of time from the point of time 15 to the
point of time 13.5, and 1s 1n a state of the high level during
a period of time from the point of time 13.5 to the point of
time 16. The synchronization signal C 1s in a state of the low
level during a period of time from the point of time 16 to the
point of time 16.5, and 1s 1n a state of the high level during
a period of time from the point of time 16.5 to the point of
time 17. The synchronization signal C 1s 1n a state of the low
level during a period of time from the point of time 17 to the
point of time 17.5, and 1s 1n a state of the high level during
a period of time from the point of time 17.5 to the point of
time 18.

The time slot associated with the voltage value Vc(X) 1s
TS1 during a period of time from the point of time 18 to the
point of time 20; the synchronization signal C 1s 1n a state of
the high level during the period of time from the point of
time 18 to the point of time 20. Namely, the driving
wavelorm signal 1s separated from the time division multi-
plex signal based on the first sampling frequency, the second
sampling frequency or the third sampling frequency corre-
sponding to the respective periods of time. Fach of during
the period of time from the point of time O to the point of
time 2.5 and during the period of time from the point of time
1'7.5 to the point of time 20, the synchronization signal C 1s
continuously in the state of the high level.

As depicted 1n the lower view of FIG. 7, the synchroni-
zation signal generating circuit 62d refers to the time slot
associated with the voltage value Vd(X), and generates the
synchronization signal D. The time slot associated with the
voltage value VA(X) 1s TS1 during a period of time from the
point of time O (zero) to the pomnt of time 2, and the
synchronization signal D 1s 1n a state of the high level during
the period of time from the point of time O (zero) to the point
of time 2. The time slot associated with the voltage value
Vd(X) 1s TS3 during a period of time from the point of time
2 to the point of time 4; the synchromization signal D 1s 1n
a state of the low level during a period of time from the point
of time 2 to the point of time 2.5, and 1s 1n a state of the high
level during a period of time from the point of time 2.5 to
the point of time 3. The synchronization signal D 1s 1n a state
of the low level during a period of time from the point of
time 3 to the point of time 3.5, and 1s 1n a state of the high
level during a period of time from the point of time 3.5 to
the point of time 4. The time slot associated with the voltage
value Vd(X) 1s TS6 during a period of time from the point
of time 4 to the point of time 5; the synchromization signal
D 1s 1n a state of the low level during a period of time from
the point of time 4 to the point of time 4+(34), and 1s 1n a
state of the high level during a period of time from the point
of time 4+(34) to the point of time 5. The time slot associated
with the voltage value Vd(X) 1s TS3 during a period of time
from the pomnt of time 5 to the pomnt of time 9; the
synchronization signal D 1s 1n a state of the low level during
a period of time from the point of time 5 to the point of time
5.5, and 15 1n a state of the high level during a period of time
from the point of time 3.5 to the poimnt of time 6. The
synchronization signal D 1s 1n a state of the low level during
a period of time from the point of time 6 to the point of time
6.5, and 1s 1n a state of the high level during a period of time
from the poimnt of time 6.5 to the poimnt of time 7. The
synchronization signal D 1s 1n a state of the low level during
a period of time from the point of time 7.5 to the point of
time 8, and 1s 1n a state of the high level during a period of
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time from the point of time 7.5 to the point of time 8. The
synchronization signal D 1s 1n a state of the low level during
a period of time from the point of time 8 to the point of time
8.5, and 1s 1n a state of the high level during a period of time
from the point of time 8.5 to the point of time 9.

The time slot associated with the voltage value Vd(X) 1s
TS2 during a period of time from the point of time 9 to the
point of time 15; the synchronization signal D 1s 1n a state
of the high level during a period of time from the point of
time 9 to the point of time 9.5, and 1s 1n a state of the low
level during a period of time from the point of time 9.5 to
the point of time 10. The synchronization signal D 1s in a
state of the high level during a period of time from the point
of time 10 to the point of time 10.5, and 1s 1n a state of the
low level during a period of time from the point of time 10.5
to the point of time 11. The synchromization signal D 1s in
a state of the high level during a period of time from the
point of time 11 to the point of time 11.3, and 1s 1n a state
of the low level during a period of time from the point of
time 11.5 to the point of time 12. The synchronization signal
D 1s 1n a state of the high level during a period of time from
the point of time 12 to the point of time 12.5, and 1s 1n a state
of the low level during a period of time from the point of
time 12.5 to the point of time 13. The synchronization signal
D 1s 1n a state of the high level during a period of time from
the point of time 13 to the point of time 13.5, and 1s 1n a state
of the low level during a period of time from the point of
time 13.5 to the point of time 14. The synchronization signal
D 1s 1n a state of the high level during a period of time from
the point of time 14 to the point of time 14.5, and 1s 1n a state
of the low level during a period of time from the point of
time 14.5 to the point of time 13.

The time slot associated with the voltage value Vd(X) 1s
1S3 during a period of time from the point of time 15 to the
point of time 18; the synchronization signal D 1s 1n a state
of the low level during a period of time from the point of
time 15 to the point of time 15.5, and 1s 1n a state of the high
level during a period of time from the point of time 13.5 to
the point of time 16. The synchronization signal D 1s in a
state of the low level during a period of time from the point
of time 16 to the point of time 16.5, and 1s 1n a state of the
high level during a period of time from the point of time 16.5
to the point of time 17. The synchronization signal D 1s in
a state of the low level during a period of time from the point
of time 17 to the point of time 17.5, and 1s 1n a state of the
high level during a period of time from the point of time 17.5
to the point of time 18. The time slot associated with the
voltage value VA(X) 1s TS1 during a period of time from the
point of time 18 to the point of time 20; the synchromization
signal D 1s 1n a state of the lhigh level during the period of
time from the point of time 18 to the point of time 20.
Namely, the driving waveform signal 1s separated from the
time division multiplex signal based on the first sampling
frequency, the second sampling frequency or the third sam-
pling frequency corresponding to the respective periods of
time. Each of during the period of time from the point of
time O to the point of time 2, during the period of time from
the point of time 8.5 to the point of time 9.5, and during the
period of time from the point of time 17.5 to the point of
time 20, the synchronization signal D 1s continuously 1n the
state of the high level.

The synchronization signal generating circuits 62a to 62d
output, respectively, the synchronization signals A to D to
the switch group 34 (an example of “separator”). As
depicted 1n FIG. 3, the control circuit 51 outputs a switch
controlling signal S1 for controlling the opening and closing
of the plurality of n-th switches 54(#). The switch control-
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ling signal S1 includes first selection information indicating
a selection of any one of the plurality of n-th switches 54(#),
and second selection mformation indicating a selection of
any one of the four synchronization signals A to D. The first
selection information and the second selection information
are associated with each other.

The switch group 54 opens or closes the selected n-th
switch 54(») at an opening and closing timing indicated by
the selected one of the synchronmization signals A to D. As
descried belfore, since the time division multiplex signal 1s
inputted to each of the plurality of n-th switches 54(»), the
n-th switch 54(») 1s opened or closed to thereby input the
driving waveform corresponding to one of the driving
wavelorm data Da to Dd to the actuator 88.

FIG. 9 1s a schematic view of dnving waveform signals
inputted to the actuator 88 by the opening and closing of the
n-th switch 54(»). In a case that the synchronization signal
A 1s selected, the switch group 54 closes the n-th switch
54(») 1n a case that the pulse of the synchronization signal
A 1s of the high level, and opens the n-th switch 54(») 1n a
case that the pulse of the synchronization signal A is of the
low level. The electric charge applied to the individual
clectrode 83 1n a case that the n-th switch 34(») 1s closed 1s
maintained by the first capacitor 89q and the second capaci-
tor 89b. Namely, a driving wavetorm signal WA 1s separated
from the time division multiplex signal. As depicted in FIG.
9, the driving wavelorm signal WA 1s mputted to the actuator
88, and the actuator 88 1s thereby driven.

In a case that the synchronization signal B 1s selected, the
switch group 34 closes the n-th switch 54(») 1n a case that
the pulse of the synchronization signal B 1s of the high level,
and opens the n-th switch 54(») in a case that the pulse of the
synchronization signal B 1s of the low level. The electric
charge applied to the individual electrode 85 in the case that
the n-th switch 354(») 1s closed 1s maintained by the first
capacitor 89a and the second capacitor 89b5. Namely, a
driving waveform signal WB 1s separated from the time
division multiplex signal. As depicted 1n FIG. 9, the driving
wavelorm signal WB 1s mputted to the actuator 88, and the
actuator 88 1s thereby driven.

In a case that the synchronization signal C 1s selected, the
switch group 54 closes the n-th switch 54(») 1n a case that
the pulse of the synchronization signal C 1s of the high level,
and opens the n-th switch 54(») 1n a case that the pulse of the
synchronization signal C 1s of the low level. The electric
charge applied to the individual electrode 85 1n a case that
the n-th switch 354(») 1s closed 1s maintained by the first
capacitor 89a and the second capacitor 89b5. Namely, a
driving waveform signal WC 1s separated from the time
division multiplex signal. As depicted 1n FIG. 9, the driving
wavelorm signal WC 1s mputted to the actuator 88, and the
actuator 88 1s thereby driven.

In a case that the synchronization signal D 1s selected, the
switch group 54 closes the n-th switch 54(») 1n a case that
the pulse of the synchronization signal D 1s of the high level,
and opens the n-th switch 54(») 1n a case that the pulse of the
synchronization signal D 1s of the low level. The electric
charge applied to the individual electrode 85 1n a case that
the n-th switch 54(») 1s closed 1s maintained by the first
capacitor 89a and the second capacitor 89b5. Namely, a
driving waveform signal WD 1s separated from the time
division multiplex signal. As depicted 1n FIG. 9, the driving
wavelorm signal WD 1s inputted to the actuator 88, and the
actuator 88 is thereby driven.

In a case that the actuator 88 1s driven by the driving
wavelorm signal WA, the size of the ink discharged from the
nozzle 80 1s “medium™. In a case that the actuator 88 1s
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driven by the driving wavetorm signal WB, the size of the
ink discharged from the nozzle 80 1s “large”. In each of a
case that the actuator 88 1s driven by the driving waveform
signal WC and a case that the actuator 88 1s driven by the
driving wavelorm signal WD, the size of the 1nk discharged
from the nozzle 80 1s “small”. The timing of discharging the
ink 1s different between the driving wavetorm WC and the
driving wavelform WD.

In the first embodiment, the comparing circuit 57 com-
pares the voltage values inputted, respectively, from the
voltage table T, to T, , 1in a case that any one of the
comparison timing signals Sa to Sd i1s mputted from the
counters 56a to 56d to the comparing circuit 57. However,
the timing at which the voltage values are compared 1s not
limited to or restricted by this. For example, 1t 1s allowable
that the frequency generating circuit 58 outputs the com-
parison timing signal having the reference frequency (24
MHz) to the comparing circuit 57 and that the comparing
circuit 37 compares the voltage values mputted from the
respective voltage table T, to T, ., at each of points of time
at which one cycle of the reference frequency elapses. For
example, as depicted 1n the upper view of FIG. 6, at the point
of time 4, the voltage value Va(X) and the voltage value
Vc(X) are both V2, the voltage value Vb(X) 1s V1, and the
voltage value Vd(X) 1s 0 (zero). In this situation, the
comparing circuit 537 associates 1S4 with the voltage values
Va(X) and Vc¢(X); the comparing circuit 57 outputs TS4 and
the voltage values Va(X) and Vc(X) which are associated
with each other to the switching circuit 59 and the respective
synchronization signal generating circuits 62a to 62d; the
comparing circuit 57 associates TS5 with the voltage value
Vb(X); and the comparing circuit 57 outputs TS5 and the
voltage value Vb(X) which are associated with each other to
the switching circuit 59 and the respective synchromzation
signal generating circuits 62a to 62d. The comparing circuit
57 associates TS6 with the voltage value Vd(X), and outputs
TS6 and the voltage value VdA(X) which are associated with
cach other to the switching circuit 59 and the respective
synchronization signal generating circuits 62a to 62d. At
cach of the points of time at which one cycle of the reference
frequency elapses, the switching circuit 59 selects one
voltage value, for example, the voltage value Va(X), from
the two voltage values Va(X) and Vc(X). At each of the
points of time at which one cycle of the reference frequency
clapses, the switching circuit 39 selects the voltage values
Vb(X) and Vd(X). In this case, 1t 1s possible to reduce a
configuration for outputting the comparison timing signals
Sa to Sd from the counters 56a to 56d, respectively, to the
comparing circuit 57.

In the first embodiment, there are the three voltage values
which are 0, V1 and V2; the four dnving wavetform data Da
to Dd do not have or indicate mutually different voltages at
a time. However, for example, 1n a case that there 1s the
voltage value V3 which 1s greater than the voltage value V2,
the voltage values, respectively, of the four driving wave-
form data Da to Dd may be 0, V1, V2 and V3, respectively,
at a time, and may have or indicate mutually different
voltage values. In such a case, the time slots which are
applied are TS7 to TS10 (see FIG. 8). In this situation, the
number of the dnving waveform data to be used for gener-
ating the time division multiplex signal during a period of
time from the point of time k to the point of time k+1
included in one cycle of the time division multiplex signal
1s 4 (four).

In the printing apparatus according to the first embodi-
ment, the time division multiplex signal 1s generated from
the plurality of pieces of the driving wavetorm data Da to Dd
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indicating, respectively, the mutually different driving wave-
forms. Fach, of the driving waveform signals WA to WD,
which corresponds to one of the mutually different driving
wavelorms 1s separated from the generated time division
multiplex signal. The actuator 88 1s driven by any one, of the
driving wavetorm signal WA and WD, separated from the
time division multiplex signal. By separating one of the
driving waveform signals WA to WD, 1t 1s possible to adjust
the shape of the driving waveform to be applied to the
actuator 88. Further, the one cycle for printing one pixel
includes only a cycle of any one of the driving wavetforms,
and does not include the cycle(s) of another or any other
driving wavetorm(s). Accordingly, 1t 1s possible to reduce
the waitting time of the nozzle 80.

In a case that the driving waveform data Da to Dd include
such data wherein the voltage values have a same voltage
value at a time, for example 1n a case that the voltage values
of the dnving wavetform data Da to Dc are V2 during a
period of time from the point of time 5 us to 6 us, as
indicated by the middle view of FIG. 6, one signal of which
voltage value 1s V2 1s generated during the period of time
from the point of time 5 us to 6 us. Namely, the time division
multiplex signals corresponding, respectively, to the dniving
wavelorm data Da to Dc during the period of time from the
point of time 5 us to 6 us are collated as one time division
multiplex signal. Further, as indicated in the lower view of
FIG. 6 and 1n FIG. 7, during the period of time from the
point of time 5 us to 6 us, the pulse waves of the respective
synchronization signals A to C are made to have a same
shape corresponding to the one time division multiplex
signal which 1s collated as described above. Accordingly, it
1s possible to make the switching frequency in the switch
group 54 to be small and to suppress the generation of any
noise and the increase i the power consumption, as com-
pared with a case wherein the pulse waves of the respective
synchronization signals A to C are mutually different.

In the above embodiment, 1n a case that a voltage value
indicated by one drniving waveform and a voltage value
indicated by another driving wavelorm are same as each
other 1n a certain period of time, the time division multiplex
signal during the certain period of time includes a signal
collectively corresponds to one driving waveform and
another drniving wavelorm. Thus, regarding the certain
period of time, a width (temporal width) of the signal 1s
large. Accordingly, 1t 1s possible to separate one driving
wavelorm and another driving waveform from the time
division multiplex signal precisely even in a case that any

error to some extent occurs in the synchronization signal to
be used for the separation.

SECOND EMBODIMENTT

A second embodiment of the present disclosure will be
explained below on the basis of the drawings which depict
a printing apparatus 1 according to the second embodiment.
Constitutive components according to the second embodi-
ment, which are the same as or equivalent to the constitutive
components according to the first embodiment, are desig-
nated by the same reference numerals as those of the first
embodiment, any detailed explanation of which will be
omitted. FIG. 10 includes a graph of driving wavetform data
Da to Dd of one cycle plotted 1n time series and graphs
indicating a synchromization signal A. The upper view of the
FIG. 10 1s the graph of the driving waveform data Da to Dd
which 1s plotted in time series. The middle view and the
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lower view of FIG. 10 each indicates the synchronization
signal A which 1s generated by the synchronization signal

generating circuit 62a.

As depicted by the upper view of FIG. 10, a voltage value,
of the voltage table T, which 1s indicated by a circle 1s V2
during a period of time from a point of time 3 to a point of
time 7, and the voltage value 1s not changed. The voltage
value, of the voltage table T, _, which 1s indicated by a circle,
1s V2 during a period of time from a point of time 15 to a
point of time 16, and the voltage value 1s not changed. Since
clectric charge applied to the individual electrode 85 1n a
case that the n-th switch 54(») 1s closed 1s maintained by the
first capacitor 89a and the second capacitor 895, 1t 1s not
necessary to apply the voltage to the individual electrode 85
while the same voltage value 1s continued. Thus, the CPU
51a outputs, with respect to the synchronization signal
generating circuit 62a, a signal for maintaining the low level
during a period of time from the point of time 3 to point of
time 4 and during a period of time from the point of time 15
to the point of time 16. As depicted 1n the middle view of
FIG. 10, during the period of time from the point of time 3
to the point of time 4, the synchronization signal generating,
circuit 62a makes the synchronization signal A to be of the
high level and then makes the synchronization signal A to be
of the low level until the point of time 8; and during the
period of time from the point of time 15 to the point of time
16, the synchronization signal generating circuit 62a makes
the synchronization signal A to be of the high level and then
makes the synchronization signal A to be of the low level
until the point of time 17. Thus, 1t 1s possible to further lower
the switching frequency in the switch group 54.

In the middle view of FI1G. 10, the synchronization signal
generating circuit 62a makes the synchronization signal A to
be ON (high level) during the period of time from the point
of time 3 to the poimnt of time 4, and then makes the
synchronization signal A to be OFF (low level) until the
point of time 8. Here, 1t 1s allowable that the synchronization
signal generating circuit 62a makes the synchromization
signal A to be ON during the period of time from the point
of time 4 to the point of time 8. For example, as depicted 1n
the lower view of FIG. 10, it 1s allowable that during the
period of time from the point of time 5 to the point of time
6, the synchronization signal generating circuit 62a makes
the synchronization signal A to be ON. In such a case, 1t 1s
possible to avoid such a situation that the first capacitor 89a
and the second capacitor 8956 discharge the electricity and
that the voltage 1s lowered. Note that 1t 1s also allowable to
provide a similar configuration regarding the voltage values
of the voltage table T , to T , and the synchronization
signals B to D.

THIRD EMBODIMENT

A third embodiment of the present disclosure will be
explained below on the basis of the drawings which depict
a printing apparatus 1 according to the third embodiment.
Constitutive components according to the third embodiment,
which are the same as or equivalent to the constitutive
components according to the first or second embodiment,
are designated by the same reference numerals as those of
the first or second embodiment, any detailed explanation of
which will be omitted. A variety of kinds of a printing
method are inputted from the external device 100 to the
controller 50. The printing method includes, for example,
low resolution printing, high resolution printing, overlap-
ping printing, high speed printing and low speed printing.
The overlapping printing 1s a printing method wherein {first

5

10

15

20

25

30

35

40

45

50

55

60

65

24

printing 1s performed with respect to a print medium, and
then second printing 1s performed to be overlapped on a part
of the print medium. the first printing having been performed
on the part of the print medium. The controller 50 (specifi-
cally, for example, CPU 51a or the switching circuit 59. An
example of “selector”.) selects a predetermined number of
driving waveform data among the four driving waveform
data Da to Dd, depending on the printing method 1nputted to
the controller 50, and executes the printing based on the

driving waveform data of the selected predetermined num-
ber.

A case of executing the low resolution printing will be
explained. FIG. 11 1s a graph of driving waveform data Da
to Dc of one cycle plotted in time series, a graph indicating,
a time division multiplex signal, and a graph indicating a
synchronization signal A in the case of executing the low
resolution printing; FIG. 12 including graphs indicating
synchronization signals B and C 1n the case of executing the

low resolution printing. As depicted 1n the upper view of
FIG. 11, the three driving wavetform data Da to Dc are used.
The voltage values Va(X) to Vc(X) are mputted, respec-
tively, from the voltage table T, to T, to the selector circuit
60, and the times ta(X) to tc(X) are inputted, respectively,
from the time tables T, to T, , to the selector circuit 60. As
described above, the voltage values Va(X) to Vc(X) and the
times ta(X) to tc(X) are associated with each other via the
address X. Note that in a case of executing the high
resolution printing, four dniving wavetorm data Da to Dd are
used. Since the number of kinds of 1nk droplet size in the low
resolution printing can be made smaller than the number of
kinds of 1k droplet size in the high resolution printing, it 1s
possible to reduce the number of the driving waveform data
to be used. The reference frequency is mputted from the
frequency generating circuit 58 to the selector circuit 60.
Note that 1t 1s allowable to use one piece or two pieces of the
driving waveform data 1n the low resolution printing.

In a case that a print job indicating the low resolution
printing 1s mputted, the CPU 51a associates TS4 and the
voltage value Va(X) with each other and outputs TS4 and the
voltage value Va(X) which are associated with each other to
the selector circuit 60; the CPU Ma associates TS5 and the
voltage value Vb(X) with each other and outputs TSS and
the voltage value Vb(X) which are associated with each
other to the selector circuit 60; and the CPU Ma associates
TS6 and the voltage value Vc(X) with each other and
outputs TS6 and the voltage value Vc¢(X) which are associ-
ated with each other to the selector circuit 60. As depicted
in the middle view of FIG. 11, the selector circuit 60 refers
to the voltage value Va(X) and 1S4 mputted from the CPU
51a, selects the voltage value Va(X) from the three voltage
values Va(X) to Vc(X) mputted from the voltage tables T
to T, _, respectively, selects the time ta(X) from the three
times ta(X) to tc(X) mnputted from the time tables T, to T,
respectively, and generates, at every 1 us, and based on TS4
and the reference frequency, a signal of which voltage value
becomes to be the voltage value Va(X) during a period of
time from the point of time k us to the point of time k+(143)
us (1n this embodiment, k=1, 2, . . ., 19).

As depicted 1n the middle view of FIG. 11, the selector
circuit 60 refers to the voltage value Vb(X) and TSS nputted
from the CPU 51aq, selects the voltage value Vb(X) from the
three voltage values Va(X) to Vc(X) mputted from the
voltage tables T, to T, respectively, selects the time th(X)
from the three times ta(X) to tc(X) mputted from the time
tables T, to T, ., respectively, and generates, at every 1 us,
and based on TS5 and the reference frequency, a signal of
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which voltage value becomes to be the voltage value Vb(X)
during a period of time from the point of time k+(%3) us to
the point of time k+(343) us.

As depicted 1n the middle view of FIG. 11, the selector
circuit 60 refers to the voltage value Vc(X) and TS6 inputted
from the CPU 51a, selects the voltage value Vc(X) from the
three voltage values Va(X) to Vc(X) mputted from the
voltage tables T, to T, _, respectively, selects the time tc(X)
from the three times ta(X) to tc(X) mputted from the time
tables T, to T, ., respectively, and generates, at every 1 us,
and based on TS6 and the reference frequency, a signal of
which voltage value becomes to be Vc(X) during a period of
time from the point of time k+(343) us to the point of time k+1
us. Namely, during one cycle of the time division multiplex
signal, the number of the driving waveform data to be used
for generating the time division multiplex signal 1s 3 (three),
and the number 1s not changed. The selector circuit 60
outputs the respective signals which are generated, namely,
the time division multiplex signal, to the multiplex signal

outputting circuit 61.

The CPU 51a outputs TS4 to the synchronization signal
generating circuit 62q, outputs TS5 to the synchronization
signal generating circuit 6256, and outputs TS6 to the syn-
chronization signal generating circuit 62¢. As depicted in the
lower view of FIG. 11, the synchromization signal generating
circuit 62a generates, at every 1 us, a signal which becomes
to be of the high level during a period of time from the point
of time Kk us to the point of time k+(13) us, thereby generating
the synchronization signal A. As depicted 1n the upper view
of FIG. 12, the synchronization signal generating circuit 6256
generates, at every 1 us, a signal which becomes to be of the
high level during a period of time from the point of time
k+(14) us to the point of time k+(34) us, thereby generating
the synchronization signal B. As depicted in the lower view
of FIG. 12, the synchronization signal generating circuit 62¢
generates, at every 1 us, a signal which becomes to be of the
high level during a period of time from the point of time
k+(24) us to the point of time k+1 us, thereby generating the
synchronization signal C.

In a case that the synchronization signal A 1s selected, the
driving waveform signal WA 1s separated from the time
division multiplex signal; the driving waveform signal WA
1s mputted to the actuator 88; and the actuator 88 1s driven.
In a case that the synchronization signal B 1s selected, the
driving waveform signal WB 1s separated from the time
division multiplex signal; the driving waveform signal WB
1s mputted to the actuator 88; and the actuator 88 1s driven.
In a case that the synchromization signal C i1s selected, the
driving waveform signal WC 1s separated from the time
division multiplex signal; the driving waveform signal WC
1s mputted to the actuator 88; and the actuator 88 1s driven.

A case of executing the high speed printing will be
explained. FIG. 13 includes a graph of driving wavetform
data Da and Dd of one cycle plotted 1n time series, a graph
indicating a time division multiplex signal, and graphs
indicating synchronization signals A and D 1 a case of
executing the high speed printing. As depicted in the upper-
most view of FIG. 13, the two driving waveiorm data Da and
Dd are used. The voltage values Va(X) and Vd(X) are
inputted, respectively, from the voltage table T, and T, to
the selector circuit 60, and the times ta(X) and td(X) are
inputted, respectively, from the time tables T, and T, , to the
selector circuit 60. As described above, the voltage value
Va(X) and the time ta(X) are associated with each other via
the address X and the voltage value Vd(X) and the time
td(X) are associated with each other via the address X. Note
that 1n a case of executing the low speed printing, four
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driving waveform data Da to Dd are used. Since the high
speed sprinting 1s not required to realize a high quality as
compared with the low speed printing, 1t 1s possible to
reduce the number of the driving waveform data to be used
in the high speed printing. In other words, 1n a case of
executing the high speed printing, the controller 30 1is
configured such that a number of the driving waveform data
to be selected by the controller 50 for the high speed printing
1s smaller than a number of the driving waveform data to be
selected by the controller 50 for the low speed printing. The
reference frequency is inputted from the frequency gener-
ating circuit 58 to the selector circuit 60. Note that 1t 1s
allowable to use one piece or three pieces of the driving
wavelorm data in the high speed printing.

In a case that a print job 1indicating the high speed printing,
1s mputted, the CPU 51a associates TS2 and the voltage
value Va(X) with each other and outputs TS2 and the voltage
value Va(X) which are associated with each other to the
selector circuit 60; and the CPU 514 associates TS3 and the
voltage value Vd(X) with each other and outputs TS3 and
the voltage value Vd(X) which are associated with each
other to the selector circuit 60. As depicted in the second
uppermost view of FIG. 13, the selector circuit 60 refers to
the voltage value Va(X) and TS2 mputted from the CPU 51a,
selects the voltage value Va(X) from the two voltage values
Va(X) and Vd(X) inputted from the voltage tables T, and
T, ., respectively, selects the time ta(X) from the two times
ta(X) and td(X) inputted from the time tables T, and T, ,
respectively, and generates, at every 1 us, and based on TS2
and the reference frequency, a signal of which voltage value
becomes to be the voltage value Va(X) during a period of
time from the point of time k us to the point of time k+0.5
us (in this embodiment, k=1, 2, .. ., 19). Namely, during one
cycle of the time division multiplex signal, the number of the
driving waveform data to be used for generating the time
division multiplex signal 1s 2 (two), and the number 1s not
changed.

As depicted 1n the second uppermost view of FIG. 13, the
selector circuit 60 refers to the voltage value VdA(X) and TS3
inputted from the CPU 51a, selects the voltage value Vd(X)
from the two voltage values Va(X) and Vd(X) mputted from
the voltage tables T, and T, respectively, selects the time
td(X) from the two times ta(X) and td(X) inputted from the
time tables T, and T, , respectively, and generates, at every
1 us, and based on TS3 and the reference frequency, a signal
of which voltage value becomes to be the voltage value
Vd(X) during a period of time from the point of time k+0.5
us to the point of time k+1 us.

The CPU 51a outputs TS2 to the synchronization signal
generating circuit 62q, and outputs TS3 to the synchroniza-
tion signal generating circuit 62d. As depicted in the third
uppermost view of FIG. 13, the synchronization signal
generating circuit 62a generates, at every 1 us, a signal
which becomes to be of the high level during the period of
time from the point of time k us to the point of time k+0.5
us, thereby generating the synchronization signal A. As
depicted 1n the lowermost view of FIG. 13, the synchroni-
zation signal generating circuit 624 generates, at every 1 us,
a signal which becomes to be of the high level during the
period of time from the point of time k+0.5 us to the point
of time k+1 ups, thereby generating the synchronization
signal D.

In a case that the synchronization signal A 1s selected, the
driving waveform signal WA 1s separated from the time
division multiplex signal; the driving waveform signal WA
1s iputted to the actuator 88; and the actuator 88 1s driven.
In a case that the synchronization signal D i1s selected, the
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driving waveform signal WD 1s separated from the time
division multiplex signal; the dniving waveform signal WD
1s iputted to the actuator 88; and the actuator 88 1s driven.

A case of executing a first printing in the overlapping
printing will be explained. FIG. 14 includes a graph of
driving wavelorm data Db of one cycle plotted 1n time
series, a graph indicating a time division multiplex signal,
and a graph indicating a synchronization signal B 1n a case
of executing the first printing. As depicted 1n the upper view
of FIG. 14, the one driving wavetform data Db 1s used. The
voltage value Vb(X) 1s mputted from the voltage table T,
to the selector circuit 60, and the time th(X) 1s inputted from
the time table T,, to the selector circuit 60. As described
above, the voltage value Vb(X) and the time th(X) are
associated with each other via the address X. Note that 1n a
case of executing the second printing, four driving wave-
form data Da to Dd are used. Since the first printing 1s for
printing a background, and 1s not required to realize a high
quality printing as compared with the second printing, 1t 1s
possible to reduce the number of the driving waveform data
to be used 1n the first printing. In other words, 1n a case of
executing the overlapping printing, the controller 50 1is
configured such that a number of the driving waveform data
to be selected by the controller 50 for the first printing 1s
smaller than a number of the driving waveform data to be
selected by the controller 50 for the second printing. The
reference frequency 1s mputted from the frequency gener-
ating circuit 38 to the selector circuit 60. Note that 1t 1s
allowable to use two or three pieces of the driving wavelorm
data 1n the first printing.

In a case that a print job indicating the first printing 1s
inputted, the CPU S1q associates TS1 and the voltage value
Vb(X) with each other and outputs TS1 and the voltage
value Vb(X) which are associated with each other to the
selector circuit 60. As depicted 1in the middle view of FIG.
14, the selector circuit 60 refers to the voltage value Vb(X)
and TS1 mputted from the CPU 51a, selects the one voltage
value Vb(X) mputted from the voltage table T ,, selects the
one time th(X) mputted from the time table T,,, and gener-
ates, at every 1 us, and based on TS1 and the reference
frequency, a signal of which voltage value becomes to be the
voltage value Vb(X) during a period of time from the point
of time k us to the point of time k+1 ps (1n this embodiment,
k=1, 2, . . ., 19). Namely, during one cycle of the time
division multiplex signal, the number of the driving wave-
form data to be used for generating the time division
multiplex signal 1s 1 (one), and the number 1s not changed.

The CPU Ma outputs TS1 to the synchronization signal
generating circuit 6256. As depicted in the lower view of FIG.
14, the synchronization signal generating circuit 625 gen-
erates, at every 1 us, a signal which becomes to be of the
high level during the period of time from the point of time
k us to the point of time k+1 us, thereby generating the
synchromization signal B. Based on the synchromization
signal B, the driving waveform signal WB 1s separated from
the time division multiplex signal; the driving waveform
signal WB 1s inputted to the actuator 88; and the actuator 88
1s driven.

FIG. 15A and FIG. 15B are flow charts explaining a
printing processing by the CPU 51a. The CPU 51a deter-
mines whether or not the print job 1s received from the
external device 100 (step S1). In a case that the print job 1s
not received (step S1: NO), the CPU 51a returns the process
to step S1. In a case that the print job 1s received (step S1:
YES), the CPU 351a determines whether or not the recerved
print job 1s the second printing (step S2). In a case that the
print job 1s the second printing (step S2: YES), the CPU 514
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determines whether or not the received print job 1s the high
resolution printing (step S3). In a case that the print job 1s the
high resolution printing (step S3: YES), the CPU 5la
determines whether or not the received print job 1s the low
speed printing (step S4). In a case that the print job 1s the low
speed printing (step S4: YES), the CPU 51a selects all the
driving wavetorm data Da to Dd (step S5), and starts a {irst
multiplexing processing (step S6). The first multiplexing
processing 1s a generation processing of generating the time
division multiplex signal and a separation processing of
separating the driving waveform signal from the time divi-
sion multiplex signal, as described in the first and second
embodiments.

The CPU 51a executes one print task (step S7). A print
task 1s a unit constructing the print job. Specifically, the print
task 1s a liquid discharging processing which 1s performed
during a period of time wherein the ink-jet head 8 1s (being)
moved rightward or leftward by a distance corresponding to
a left-right width of the recording paper 200. Next, the CPU
51a determines whether or not abnormality 1s occurred
during the print task (step S8). The abnormality i1s, for
example, paper jam. In a case that abnormality 1s occurred
during the print task (step S8: YES), the CPU 514 executes
an abnormality processing (step S15). The details of the
abnormality processing will be described later on.

In a case that abnormality 1s not occurred during the print
task (step S8: NO), the CPU 51a determines whether or not
the one print task 1s completed (step S9). Note that in the one
print task, the carriage 6 performs one scanning (scans one
time). In a case that the one print task 1s not completed (step
S9: NO), the CPU 51a returns the process to step S8. In a
case that the one print task 1s completed (step S9: YES), the
CPU 51a determines whether or not the print job 1s com-
pleted (step S10). In a case that the print job 1s not completed
(step S10: NO), the CPU 51aq returns the process to step S7,
and executes a next one print task. In a case that the print job
1s completed (step S10: YES), the CPU 51a completes the
first multiplexing processing or a second multiplexing pro-
cessing which will be described later on (step S11), and
executes a flushing processing (step S12). The flushing
processing 1s a processing in which the ink 1s discharged
from the nozzles 80 for any purpose other than the purpose
of the printing. The flushing process 1s executed, for
example, at the flushing receiver 21. After executing the
flushing processing, the CPU 31a ends the print processing.

In a case that the print job 1s not the second printing 1n step
S2 (step S2: NO), namely, that the print job 1s the first
printing, 1n a case that the print job 1s not the high resolution
printing 1n step S3 (step S3: NO), namely, that the print job
1s the low resolution printing, or 1n a case that the print job
1s not the low speed printing in step S4 (step S4: NO),
namely, that the print job 1s the high speed printing, the CPU
51a selects one piece to three pieces of the driving wavetorm
data corresponding to the print method (step S13), and starts
a second multiplexing processing (step S14). The second
multiplexing processing 1s a generation processing ol gen-
erating the time division multiplex signal and a separation
processing of separating the driving waveform signal from
the time division multiplex signal, as described 1n the third
embodiment. After executing step S14, the CPU 51a pro-
ceeds the process to step S7.

FIG. 16 1s a flow chart explaining an abnormality pro-
cessing by the CPU 31a. Note that the abnormality process-
ing may be executed by a CPU which 1s different from the
CPU 51a. In a case that the CPU 51a (an example of
“abnormality determiner”) determines 1n step S8 that there
1s an abnormality (step S8: YES), the CPU 51a stops the
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printing (step S21), and stops the first multiplexing process-
ing or the second multiplexing processing (step S22).
Namely, the CPU 51a stops the generation of the time
division multiplex signal and the separation of the driving
wavelorm signal. Further, the CPU 51a determines whether
or not there 1s any abnormality (step S23). In a case that
there 1s an abnormality (step S23: YES), namely, for
example, 1n a case that the paper jam 1s not dissolved, the
CPU 51a returns the process to step S23. In a case that there
1s no abnormality (step S23: NO), the CPU 31a executes a
purging processing (step S24). The purging processing 1s a
processing ol causing a non-illustrated pump to perform
suction of the k. The CPU 51a resumes the first multi-
plexing processing or the second multiplexing processing,
(step S25), and returns the process to step S7.

In the printing apparatus 1 according to the third embodi-
ment, the driving waveform data as mush as the number
(quantity) depending on the print method is/are selected
from the plurality of pieces of wavelorm driving data.
Theretore, 1t 1s possible to reduce the number of the driving
wavelorm data to be used for the printing, to reduce the
number of the synchronization signal as compared with a
case of using all of the plurality of pieces of the driving
wavelorm data, to make the switching frequency in the
switch group 54 to be small, and to suppress any generation
ol noise and any increase in the power consumption.

The embodiments disclosed herein are examples 1n all
senses, and should be interpreted not restrictive or limiting
in any way. The technical features described in the respec-
tive embodiments can be combined with each other, and the
scope of the present invention 1s intended to encompass all
the changes within the scope of the claims and a scope
equivalent to the scope of the claims.

What 1s claimed 1s:

1. A printing apparatus comprising:

a nozzle configured to discharge a liquid by an energy
generating element;

a selector configured to select, based on a print job, at
least two driving wavelorms corresponding to a print-
ing method indicated by the print job, from a plurality
of driving wavetorms different from each other, the at
least two drniving wavelorms including a first driving
wavetorm and a second dniving wavelform;

a signal generator configured to generate a time division
multiplex signal based on data indicating the at least
two driving wavelorms selected by the selector; and

a separator configured to separate a first driving waveform
signal indicating the first driving waveform or a second
driving waveform signal indicating the second driving
wavelorm from the time division multiplex signal
generated by the signal generator,

wherein the energy generating element 1s configured to be
driven by the first dnving waveform signal or the
second driving waveform signal separated by the sepa-
rator; and

in the time division multiplex signal, a third portion being,
a part of the second driving waveform 1s aligned
between a {irst portion being a part of the first driving
wavelorm and a second portion being another part of
the first dnving wavelorm, and the second portion 1s
aligned between the third portion and a fourth portion
being another part of the second driving wavetorm.

2. The printing apparatus according to claim 1, wherein a
plurality of the data 1s to be used by the signal generator in
cach of a plurality of period of times included 1n one cycle
of the time division multiplex signal, and
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wherein a number of the data to be used by the signal
generator 1 each of the plurality of period of times
included 1n the one cycle of the time division multiplex
signal 1s not changed over the plurality of period of
times.

3. The printing apparatus according to claim 2, wherein
the selector 1s configured to select the at least two driving
wavelorms as many as a first number 1n a case that the
printing method 1indicated by the print job 1s a low resolution
printing, and

wherein the selector 1s configured to select the at least two

driving waveforms as many as a second number 1n a
case that the printing method 1ndicated by the print job
1s a high resolution printing, the first number being
smaller than the second number.

4. The printing apparatus according to claim 2, wherein
the printing method to be indicated by the print job includes
an overlapping printing including performing a first printing
on a print medium and then performing a second printing
overlappingly on a part of the print medium, the first printing
having been performed on the part of the print medium,

wherein, 1 a case that the printing method indicated by

the print job 1s the overlapping printing, the selector 1s
configured to select the at least two driving wavetorms
as many as a third number for the first printing, and to
select the at least two driving waveforms as many as a
fourth number for the second printing, the third number
being smaller than the fourth number.

5. The printing apparatus according to claim 2, wherein
the selector 1s configured to select the at least two driving
wavelorms as many as a fifth number in a case that the
printing method idicated by the print job 1s a high speed
printing, and

wherein the selector 1s configured to select the at least two

driving wavelorms as many as a sixth number 1n a case
that the printing method indicated by the print job 1s a
low speed printing, the fifth number being smaller than
the sixth number.

6. The printing apparatus according to claim 1, wherein
both a first period of time and a second period of time are
included 1n a same one cycle of the time division multiplex
signal, wherein the second period of time does not overlap
with the first period of time, and

wherein a number of the data to be used by the signal

generator so as to generate the time division multiplex
signal during the first period of time 1s smaller than a
number of the data to be used by the signal generator
so as to generate the time division multiplex signal
during the second period of time.

7. The printing apparatus according to claim 6 comprising,
a switcher, wherein the data includes at least first data
indicating the first driving wavelorm and second data 1ndi-
cating the second driving wavetorm different from the first
driving wavetorm;

the first dniving waveform indicates a first voltage value

including values aligned 1n time series, and the second
driving waveform indicates a second voltage value
including values aligned in time series;

in a case that the first voltage value indicated by the first

driving waveform 1s same as the second voltage value
indicated by the second driving waveform at a {first
change point of time, the switcher 1s configured to
select the first data or the second data, the first voltage
value indicated by the first driving waveform being
changed from one value to other value at the first
change point of time, and
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in a case that the first voltage value indicated by the first
driving waveform 1s same as the second voltage value
indicated by the second drniving wavelorm at a second
change point of time, the switcher 1s configured to
select the first data or the second data, the second
voltage value indicated by the second driving wave-
form being changed from one value to other value at the
second change point of time.
8. The printing apparatus according to claim 7, wherein
the selector mcludes the switcher.
9. The printing apparatus according to claim 7, compris-
ng:
a memory; and
a comparing circuit configured to:
obtain the first voltage value indicated by the first driving,
wavelorm at the first change point of time and the
second voltage value indicated by the second driving
wavelorm at the first change point of time from the
memory;
compare the first and second voltage values at the first
change point of time obtained from the memory and
output a first result of the comparing of the first and
second voltage values at the first change point of time;

obtain the first voltage value indicated by the first driving
wavelorm at the second change point of time and the
second voltage value indicated by the second driving
wavelorm at the second change point of time from the
memory; and

compare the first and second voltage values at the second

change point of time obtained from the memory and
output a second result of the comparing of the first and
second voltage values at the second change point of
time;

wherein the switcher includes a selection signal output-

ting circuit configured to:
output a signal for selecting the first data or the second
data 1n a case that the first result indicates that the first
and second voltage values at the first change point of
time are same as each other or the second result
indicates that the first and second voltage values at the
second change point of time are same as each other, and

output a signal for selecting both of the first data and the
second data 1n a case that the first result indicates that
the first and second voltage values at the first change
point of time are different from each other or the second
result indicates that the first and second voltage values
at the second change point of time are different from
each other; and

the signal generator includes a selector circuit configured

to obtain the signal outputted from the selection signal
outputting circuit, and configured to select the first data
or the second data or configured to select both of the
first data and the second data, based on the obtained
signal.

10. The printing apparatus according to claim 6, wherein
the data includes at least first data indicating the first driving
wavelorm and second data indicating the second driving
wavelorm different from the first driving waveform;

the first driving waveform indicates a first voltage value

including values aligned in time series, and the second
driving waveform 1indicates a second voltage value
including values aligned in time series;

a voltage value indicating a driving wavelorm diflerent

from the first driving waveform and the second driving
wavelorm 1s not present between the first voltage value
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indicated by the first driving wavetform and the second
voltage value indicated by the second driving wave-
form;

the printing apparatus comprises:

a Irequency generating circuit configured to generate a
reference frequency; and

a switcher,

every time one cycle of the reference frequency generated
by the frequency generating circuit elapses, 1 a case
that the first voltage value indicated by the first driving
wavelorm 1s same as the second voltage value indicated
by the second driving wavetorm, the switcher 1s con-
figured to select the first data or the second data, and

every time one cycle of the reference frequency generated
by the frequency generating circuit elapses, 1n a case
that the first voltage value indicated by the first driving
wavelorm 1s different from the second voltage value
indicated by the second driving wavetorm, the switcher
1s configured to select both of the first data and the
second data.

11. The printing apparatus according to claim 10, wherein

the selector includes the switcher.

12. The printing apparatus according to claim 6, wherein
the separator 1s configured to separate the first driving
wavelorm signal or the second driving wavelorm signal
from the time division multiplex signal by a first sampling
frequency corresponding to the number of the data to be
used to generate the time division multiplex signal during
the first period of time, and to separate the first dniving
wavelorm signal or the second driving wavelorm signal
from the time division multiplex signal by a second sam-
pling frequency corresponding to the number of the data to
be used to generate the time division multiplex signal during
the second period of time, the second sampling frequency
being greater than the first sampling frequency.

13. The printing apparatus according to claim 1 compris-
ng:

an abnormality determiner configured to determine
whether or not abnormality 1s occurred during print
task; and

a stopper configured to stop generation of the time divi-
ston multiplex signal by the signal generator and sepa-
ration of the first driving wavetorm signal or the second
driving wavelorm signal by the separator 1n a case that
the abnormality determiner determines that the abnor-
mality 1s occurred during print task.

14. A printing apparatus comprising:

a nozzle configured to discharge a liquid by an energy
generating element;

a signal generator configured to generate a time division
multiplex signal, transmittable via a single signal line,
based on a plurality of pieces of data each indicating
one of a plurality of driving wavetorms different from
each other; and

a separator configured to separate a driving waveform
signal indicating the one of the plurality of driving
wavelorms from the time division multiplex signal
generated by the signal generator;

wherein both a first period of time and a second period of
time are included i a same one cycle of the time
division multiplex signal,

wherein the second period of time 1s different from the
first period of time,

wherein a number of the data to be used by the signal
generator so as to generate the time division multiplex
signal during the first period of time 1s smaller than a
number of the data to be used by the signal generator
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so as to generate the time division multiplex signal
during the second period of time, and

wherein the energy generating element 1s configured to be
driven by the driving waveform signal separated by the
separator. 5
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